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ABSTRACT
S t u d i e s  w e r e  c o n d u c t e d  i n  t h e  g r e e n h o u s e  to  d e t e r m in e  t h e  e f f e c t s  
o f  f l o o d i n g  and a p p l i c a t i o n s  o f  z i n c ,  l i m e ,  and organic matter on the 
p r o d u c t i o n  o f  dry  m a t t e r  and on t h e  c o n c e n t r a t i o n  ana the uptake of 
z i n c ,  i r o n ,  and manganese  by r i c e  ( Oryza sativa L . )  plants grown on 
s e l e c t e d  s o i l s  i n  L o u i s i a n a .
F l o o d i n g  t h e  s o i l s  g e n e r a l l y  r e s u l t e d  i n  an i n c r e a s e  i n  dry m at ­
t e r  p r o d u c t i o n .  The i n c r e a s e  was a t t r i b u t e d  t o  t h e  i n c r e a s e d  t i l l e r i n g  
and t h e  i n c r e a s e d  " a v a i l a b i l i t y "  o f  ph osp h or u s  and manganese .  I n  most  
i n s t a n c e s ,  f l o o d i n g  t h e  s o i l  r e s u l t e d  i n  a r e d u c t i o n  i n  t h e  c o n c e n t r a ­
t i o n  o f  z i n c  i n  t h e  p l a n t s .  However,  t h e  u p ta k e  o f  z i n c  was n o t  s i g n i f ­
i c a n t l y  r e d u c e d .  F l o o d i n g  t h e  s o i l  r e s u l t e d  i n  an i n c r e a s e  i n  t h e  c o n ­
c e n t r a t i o n  and t h e  u p t a k e  o f  i r o n  and manganese  by t h e  r i c e  p l a n t s .
The i n f l u e n c e  o f  a p p l i c a t i o n s  o f  z i n c  on t h e  p r o d u c t i o n  o f  dry  
m a t t e r  depended on t h e  w a t e r  and t h e  l i m e  t r e a t m e n t s ,  t h e  r i c e  v a r i e t y ,  
and t h e  s o i l .  The i n f l u e n c e  o f  a p p l i e d  z i n c  on dry  m a t t e r  p r o d u c t i o n  
v a r i e d  from a s i g n i f i c a n t  i n c r e a s e  t o  a s i g n i f i c a n t  d e c r e a s e .  Where 
t h e  a p p l i c a t i o n  o f  z i n c  s i g n i f i c a n t l y  r e d u c e d  dry  m a t t e r  p r o d u c t i o n ,  the  
r e d u c t i o n  was a t t r i b u t e d  t o  su c h  f a c t o r s  as  t h e  r e d u c t i o n  i n  t h e  man­
g a n e s e  : i r o n  r a t i o  i n  t h e  p l a n t s ,  z i n c - i n d u c e d  phosphorus  d e f i c i e n c y ,  and 
z i n c - i n d u c e d  i r o n  t o x i c i t y .
The 0 . 1  N HC1 e x t r a c t a b l e  z i n c  c o n t e n t  o f  t h e  s o i l  was n o t  r e l a t ­
ed t o  e i t h e r  t h e  c o n c e n t r a t i o n  o r  t h e  u p t a k e  o f  z i n c  by r i c e  p l a n t s .
T h i s  s u g g e s t e d  t h a t  t h e  u s e  o f  0 . 1  N HC1 e x t r a c t a b l e  z i n c  d o e s  n o t  p r o ­
v i d e  a r e l i a b l e  i n d e x  o f  t h e  " a v a i l a b i l i t y "  o f  z i n c  t o  r i c e  p l a n t s  grown  
on f l o o d e d  s o i l s .
vii
The a p p l i c a t i o n  o f  z i n c  r e s u l t e d  i n  an i n c r e a s e  i n  the  c o n c e n ­
t r a t i o n  and t h e  u p t a k e  o f  z i n c  by r i c e  p l a n t s .  However,  n o t  a l l  o f  t h e
i n c r e a s e s  were  s t a t i s t i c a l l y  s i g n i f i c a n t .  The i n f l u e n c e  of a p p l i c a ­
t i o n s  of z i n c  on th e  c o n c e n t r a t i o n  and u p t a k e  of iron and manganese v a r ­
i e d  from a s i g n i f i c a n t  i n c r e a s e  t o  a s i g n i f i c a n t  d e c r e a s e .  The data 
i n d i c a t e d  t h a t  z i n c - i r o n  and z i n c - m a n g a n e s e  i n t e r a c t i o n s  o c c u r r e d .  The 
n a t u r e  o f  t h e  i n t e r a c t i o n s  depended on f a c t o r s  such  as  t h e  w a t e r  and 
l im e  t r e a t m e n t s ,  t h e  r i c e  v a r i e t y ,  and t h e  s o i l .
The a p p l i c a t i o n  o f  l im e  r e s u l t e d  i n  a d e c r e a s e  i n  dry  m a t t e r  p r o ­
d u c t i o n ,  t h e  c o n c e n t r a t i o n ,  and t h e  u p t a k e  o f  z i n c .  Under n o n f l o o d e d  
c o n d i t i o n s ,  t h e  a p p l i c a t i o n  o f  l i m e  d e c r e a s e d  t h e  c o n c e n t r a t i o n  o f  i r o n  
i n  t h e  r i c e  p l a n t s .  Under f l o o d e d  c o n d i t i o n s ,  t h e  a p p l i c a t i o n  o f  l im e  
i n c r e a s e d  t h e  c o n c e n t r a t i o n  o f  i r o n  i n  t h e  p l a n t s .  Under b o t h  f l o o d e d  
and n o n f l o o d e d  c o n d i t i o n s ,  t h e  a p p l i c a t i o n  o f  l i m e  redu c e d  t h e  u p t a k e  o f  
i r o n  by t h e  p l a n t s .  The a d j u s t m e n t  o f  t h e  pH o f  a P a t o u t v i l l e  s i l t  loam  
from 4 . 6  t o  5 . 5  and 6 . 0  w i t h  t h e  a p p l i c a t i o n  o f  1 and 2 t o n s  o f  l im e  
per  a c r e  r e s u l t e d  i n  a p r o g r e s s i v e  d e c r e a s e  i n  t h e  c o n c e n t r a t i o n  and 
t h e  u p t a k e  o f  m anganese .  I n c r e a s i n g  t h e  pH t o  6 . 5  and 6 . 9  w i t h  t h e  a p ­
p l i c a t i o n  o f  3 and 4 t o n s  o f  l i m e  r e s u l t e d  i n  an i n c r e a s e  i n  t h e  c o n ­
c e n t r a t i o n  and t h e  u p t a k e  o f  m a n gan e se .
The a p p l i c a t i o n  o f  d i f f e r e n t  forms o f  o r g a n i c  m a t t e r  r e s u l t e d  i n  
a s i g n i f i c a n t  d e c r e a s e  i n  dry  m a t t e r  p r o d u c t i o n .  The c o n c e n t r a t i o n  o f  
z i n c  i n  t h e  r i c e  p l a n t s  was n o t  s i g n i f i c a n t l y  a f f e c t e d  by t h e  a p p l i c a ­
t i o n  o f  o r g a n i c  m a t t e r .  The a p p l i c a t i o n  o f  r i c e  s t r a w  and c e l l u l o s e  
s i g n i f i c a n t l y  redu c e d  t h e  u p t a k e  o f  z i n c ,  t h e  a p p l i c a t i o n  o f  s o y b e a n  
l e a v e s  d i d  n o t .  The c o n c e n t r a t i o n  and u p t a k e  o f  i r o n  w e r e  redu c e d  by
viii
t h e  a p p l i c a t i o n  o f  o r g a n i c  m a t t e r .  However,  t h e  r e d u c t i o n  i n  t h e  c o n ­
c e n t r a t i o n  o f  i r o n  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  when c e l l u l o s e  
was a p p l i e d .  The c o n c e n t r a t i o n  and u p ta k e  o f  manganese were  s i g n i f ­
i c a n t l y  reduced  by t h e  a p p l i c a t i o n  o f  so y b e a n  l e a v e s  and r i c e  s t r a w .  
The c o n c e n t r a t i o n ,  but  n o t  t h e  u p t a k e ,  was s i g n i f i c a n t l y  i n c r e a s e d  by 
th e  a p p l i c a t i o n  o f  c e l l u l o s e .
ix
INTRODUCTION
The e s s e n t i a l i t y  o f  z i n c  f o r  the  growth and d e v e lo p m e n t  of 
p l a n t s  h a s  been  known f o r  some t i m e .  Sommer and Lipman (1926 )  demon­
s t r a t e d  th e  r e q u i r e m e n t  o f  z i n c  by b a r l e y ,  s u n f l o w e r ,  b e a n s ,  and s e v ­
e r a l  o t h e r  c r o p s .  T h e i r  r e s e a r c h  l e d  t o  th e  a c c e p t a n c e  o f  z i n c  a s  an 
e s s e n t i a l  p l a n t  n u t r i e n t  e l e m e n t .
Z in c  d e f i c i e n c y  was f i r s t  d e s c r i b e d  and c o r r e c t e d  i n  L o u i s i a n a  
in  1932 by Dr.  A. 0 .  A lb e n ,  USDA Pecan  S t a t i o n ,  Robson,  L o u i s i a n a .
Z in c  d e f i c i e n c i e s  h a v e  been  r e p o r t e d  i n  a r e a s  t h r o u g h o u t  th e  w o r ld  and 
z i n c  i s  p r o b a b l y  the  most  commonly d e f i c i e n t  o f  a l l  th e  m i c r o n u t r i e n t  
e l e m e n t s  ( K l i n e ,  1 9 6 5 ) .  U n t i l  r e c e n t l y ,  the  s p e c i f i c  u s e  o f  z i n c  as  a 
f e r t i l i z e r  e l e m e n t  was r e s t r i c t e d  p r i m a r i l y  to  f r u i t  and n u t  t r e e s .  
However,  a g r e a t  d e a l  o f  a t t e n t i o n  h a s  b een  drawn to  t h e  u s e  o f  z i n c  
f e r t i l i z e r  i n  the  p r o d u c t i o n  o f  f i e l d  c r o p s .  The i n c r e a s e d  i n t e r e s t  in  
th e  z i n c  s t a t u s  o f  s o i l s  and th e  z i n c  n u t r i t i o n  o f  agronom ic  c r o p s  h a s  
b een  b r o u g h t  a b o u t  by s e v e r a l  f a c t o r s  such  a s  lo w e r  amounts o f  z i n c  
o c c u r r i n g  in  f e r t i l i z e r s  due  to  t h e  i n c r e a s e d  u s a g e  o f  h i g h e r  a n a l y s i s  
f e r t i l i z e r s ,  g r e a t e r  c r o p  removal  o f  z i n c  due to  i n c r e a s e d  cr op  y i e l d s ,  
and i n c r e a s e d  know ledge  and r e f i n e m e n t  o f  a n a l y t i c a l  methods and t e c h ­
n i q u e s  u se d  i n  t h e  d e t e c t i o n  o f  r e l a t i v e l y  s m a l l  q u a n t i t i e s  o f  z i n c .
R e f in e m e n t  and improvement o f  a n a l y t i c a l  t e c h n i q u e s  h a s  perhaps  
been  r e s p o n s i b l e  f o r  m ost  o f  the  s t i m u l a t e d  i n t e r e s t  in  i d e n t i f y i n g  and 
s o l v i n g  prob lem s  r e l a t e d  to  z i n c  d e f i c i e n c i e s .  The u s e  o f  new and
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2improved t e c h n i q u e s  h a s  spawned a g r e a t  d e a l  o f  r e s e a r c h  in  t h e  p a s t  
d e c a d e  and an imnense  amount o f  know ledge  h a s  been a c q u i r e d  and d i s ­
s e m i n a t e d .  However,  many q u e s t i o n s  c o n c e r n i n g  z i n c  d e f i c i e n c y  and i t s  
c o r r e c t i o n  remain unan sw ered .
The pr imary  c a u s e s  o f  z i n c  d e f i c i e n c y  a r e  low s o l u b i l i t y  o f  
i n d i g e n o u s  s o i l  z i n c  and i n h e r e n t l y  low c o n t e n t  o f  t o t a l  z i n c  in the  
s o i l .  The low s o l u b i l i t y  o r  a v a i l a b i l i t y  o f  z i n c  i s  p r o b a b l y  o f  
g r e a t e r  s i g n i f i c a n c e  than i s  the  t o t a l  amount o f  z i n c  i n  t h e  s o i l .  
T h e r e f o r e ,  any f a c t o r  o r  p r a c t i c e  which ten ds  to  r e d u c e  the  s o l u b i l i t y  
o f  z i n c  may r e s u l t  in  th e  o c c u r r e n c e  o f  z i n c  d e f i c i e n c y .
P r e l i m i n a r y  r e s e a r c h  c o n d u c t e d  by S e d b e r r y  e t  a l .  ( 1971 )  i n d i ­
c a t e d  t h a t  u n d er  c e r t a i n  c o n d i t i o n s ,  r i c e  (Oryza s a t i v a  L.)  grown on 
t h e  P r a i r i e  s o i l s  i n  L o u i s i a n a  r e sp o n d e d  to  a p p l i c a t i o n s  o f  z i n c .
S i n c e  o n l y  a l i m i t e d  amount o f  d a t a  on f a c t o r s  a f f e c t i n g  the  z i n c  nu­
t r i t i o n  o f  r i c e  grown on s o i l s  i n  L o u i s i a n a  i s  a v a i l a b l e ,  t h i s  i n v e s t i ­
g a t i o n  was i n i t i a t e d  w i t h  t h e  f o l l o w i n g  o b j e c t i v e s :  1) to  d e t e r m i n e
t h e  i n f l u e n c e  o f  s o i l  a p p l i c a t i o n s  o f  z i n c  on t h e  growth and on the  
c o n c e n t r a t i o n  and t h e  u p t a k e  o f  z i n c ,  i r o n ,  and manganese  by r i c e  
p l a n t s  grown on s e l e c t e d  s o i l s  i n  L o u i s i a n a ;  2) to  d e t e r m i n e  the  i n f l u ­
e n c e  o f  f l o o d i n g  and t h e  e f f e c t s  o f  a p p l i c a t i o n s  o f  l im e  and o r g a n i c  
m a t t e r  on t h e  growth and on t h e  c o n c e n t r a t i o n  and th e  u p t a k e  o f  z i n c ,  
i r o n ,  and manganese by r i c e  p l a n t s ;  3)  to  s t u d y  p o s s i b l e  z i n c - i r o n  and 
z in c - m a n g a n e s e  i n t e r a c t i o n s  and t h e  i n f l u e n c e  o f  t h e s e  i n t e r a c t i o n s  on 
t h e  z i n c  n u t r i t i o n  o f  r i c e  grown on s e l e c t e d  s o i l s  i n  L o u i s i a n a .
REVIEW OF LITERATURE
The t o t a l  s u p p ly  o f  p l a n t  n u t r i e n t  e l e m e n t s  in  the  s o i l  and 
t h e i r  " a v a i l a b i l i t y "  to th e  p l a n t  a r e  the  two g e n e r a l  f a c t o r s  t h a t  
g o v e r n  th e  a b i l i t y  o f  a s o i l  t o  p r o v i d e  s u f f i c i e n t  n u t r i e n t s  to a 
growing  p l a n t .  D e f i c i e n c i e s  may be a r e s u l t  o f  a n a t u r a l l y  low f e r t i l ­
i t y  l e v e l  a n d / o r  a r e s u l t  o f  a  f i x a t i o n  p r o c e s s  wh ich  r e t a i n s  o r  f i x e s  
n u t r i e n t s  in  a form t h a t  c a n n o t  be u t i l i z e d  by th e  p l a n t .  A l though  
t h e r e  a r e  some s o i l s  wh ich  h a v e  such  a l i m i t e d  s u p p ly  o f  z i n c  t h a t  
z i n c  d e f i c i e n c i e s  would o c c u r  r e g a r d l e s s  o f  t h e  a v a i l a b i l i t y ,  th e  
major  c a u s e  o f  z i n c  d e f i c i e n c i e s  a p p e a r s  to  be  one  o f  p l a n t  a v a i l a b i l ­
i t y  and n o t  t o t a l  s o i l  c o n t e n t .
F a c t o r s  A f f e c t i n g  t h e  A v a i l a b i l i t y  o f  Zinc
There  a r e  many s o i l  f a c t o r s  a s s o c i a t e d  w i t h  th e  d e f i c i e n c y  o f  
z i n c  i n  p l a n t s .  One o f  t h e  f i r s t  f a c t o r s  t o  be c o r r e l a t e d  w i t h  z i n c  
d e f i c i e n c y  was s o i l  r e a c t i o n  (pH) .  As e a r l y  a s  1938 ,  a d e f i n i t e  c o r r e ­
l a t i o n  b e tw een  th e  h y d r o g e n - i o n  c o n c e n t r a t i o n  and t h e  a v a i l a b i l i t y  o f  
z i n c  i n  th e  s o i l  was d e m o n s t r a t e d  by L o t t  ( 1 9 3 8 ) .  His  r e s u l t s  i n d i ­
c a t e d  t h a t  as  t h e  a c i d i t y  o f  th e  s o i l  i n c r e a s e d ,  t h e r e  was a s u b s e q u e n t  
i n c r e a s e  in  t h e  s o l u b i l i t y  o f  z i n c .  E p s t e i n  and S t o u t  (1951 )  found t h a t  
t h e  amount o f  z i n c  ab s o r b e d  by tom atoes  from b e n t o n i t e  s u s p e n s i o n s  was 
r e l a t e d  to  t h e  s u s p e n s i o n  pH. Hie lo w e r  t h e  pH, t h e  g r e a t e r  the  z i n c  
u p t a k e .  As t h e  pH i n c r e a s e d ,  i n s o l u b l e  z i n c  h y d r o x i d e  was th o u g h t  to
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4be formed ( S e a t z  and J u r i n a k ,  1 9 5 7 ) .  The r e s u l t s  o b t a i n e d  by S e a t z  
and J u r i n a k  ( 1 9 5 7 )  i n d i c a t e d  t h a t  z i n c  a v a i l a b i l i t y  was a t  a minimum 
when th e  s o i l  pH ran ge  was 5 . 5  to  7 . 0 .  Camp ( 1 9 4 5 )  c o n c lu d e d  t h a t  th e  
c r i t i c a l  range  o f  z i n c  a v a i l a b i l i t y  in  t h e  s o i l  was b e tw een  the  range  
o f  pH 5 . 5  to  6 . 5 .  Z i n c ,  l i k e  s e v e r a l  o t h e r  m e t a l s ,  forms a h y d r o x i d e  
and h a s  the  a b i l i t y  t o  a c t  a s  a b a s e  o r  a weak a c i d  d e p e n d i n g  on the  
pH o f  the  e n v i r o n m e n t .  Camp ( 1 9 4 5 )  s u g g e s t e d  t h a t  in  a l k a l i n e  s o i l s  
t h e  f o r m a t io n  o f  a n e g a t i v e l y  c h a r g e d  z i n c a t e  complex  may be a s i g n i ­
f i c a n t  f a c t o r  i n  r e d u c i n g  the  a v a i l a b i l i t y  o f  z i n c .
In the  c a s e  o f  r i c e  grown under  submerged s o i l  c o n d i t i o n s ,  the  
e f f e c t  o f  pH on the  a v a i l a b i l i t y  o f  z i n c  becomes i n c r e a s i n g l y  impor­
t a n t .  I t  h a s  been e s t a b l i s h e d  t h a t  the  pH o f  a s o i l  t e n d s  towards  
n e u t r a l i t y  und er  submerged c o n d i t i o n s  (Ponnamperuma, 1 9 6 4 ) .  T h is  
ch a n g e  in  t h e  pH o f  t h e  s o i l  c o u l d  i n f l u e n c e  z i n c  a v a i l a b i l i t y .  I t  
a p p e a r s  p r o b a b l e  t h a t  due t o  t h e  i n c r e a s e  i n  the  pH, t h e  l e v e l  o f  
a v a i l a b l e  z i n c  i n  a m o d e r a t e l y  a c i d  s o i l  would d e c r e a s e  when the  s o i l  
i s  submerged.  E x p er im e n ts  c o n d u c t e d  by i n v e s t i g a t o r s  a t  th e  I n t e r n a ­
t i o n a l  R i c e  R e s e a r c h  I n s t i t u t e  ( 1 9 6 9 )  d e m o n s t r a t e d  t h a t  th e  submer­
g e n c e  o f  an a c i d  s o i l  reduced  t h e  c o n c e n t r a t i o n  o f  z i n c  i n  r i c e  p l a n t s  
by as  much a s  75%. They c o n c lu d e d  t h a t  t h e  d e c r e a s e  i n  th e  z i n c  c o n ­
c e n t r a t i o n  i n  th e  p l a n t s  was due to  a r e d u c t i o n  in  the  a v a i l a b i l i t y  o f  
z i n c  i n  th e  s o i l ,  a s  a r e s u l t  o f  the  i n c r e a s e  i n  t h e  pH a f t e r  the  s o i l  
was submerged.
Y o s h id a  and Tanaka (1 9 6 9 )  found t h a t  t h e  z i n c  d e f i c i e n c y  o f  r i c e  
p l a n t s  was a s s o c i a t e d  w i t h  h i g h  pH a n d / o r  c a l c a r e o u s  s o i l s .  T h e i r
5r e s u l t s  showed t h a t  the z i n c  c o n t e n t  o f  th e  r i c e  p l a n t s  was n o t  r e ­
l a t e d  to  t o t a l  s o i l  z i n c ,  but  was c l o s e l y  r e l a t e d  t o  s o i l  pH. Khan 
(1969 )  d e m o n s t r a t e d  t h a t  t h e  a d d i t i o n  o f  c a l c i u m  c a r b o n a t e  to  t h e  s o i l  
in d u c e d  z i n c  d e f i c i e n c y  o f  r i c e  p l a n t s  grown under  both upland and low­
l and  c o n d i t i o n s .  He a t t r i b u t e d  the redu c e d  a v a i l a b i l i t y  o f  zinc to 
t h e  change  in  pH brou gh t  a b o u t  by a d d i t i o n  o f  t h e  c a l c i u m  c a r b o n a t e .
There  a r e  numerous r e p o r t s  i n  t h e  l i t e r a t u r e  which  d i s c u s s  the  
i n f l u e n c e  o f  a d d i t i o n s  o f  l im e  on th e  a v a i l a b i l i t y  o f  z i n c .  Wear 
(1 9 5 6 )  s t u d i e d  the  e f f e c t  o f  s o i l  pH and c a l c i u m  on th e  u p t a k e  o f  
z i n c .  He found t h a t  a d d i t i o n s  o f  c a l c i u m  c a r b o n a t e  d e c r e a s e d  the  
z i n c  c o n t e n t  o f  sorghum. Sodium c a r b o n a t e  had the  same e f f e c t .  The 
d e c r e a s e  i n  z i n c  u p t a k e  was a s s o c i a t e d  w i t h  th e  change  in  pH b r o u g h t  
a b o u t  by the  a d d i t i o n  o f  t h e  two m a t e r i a l s .  The a d d i t i o n  o f  c a l c i u m  
s u l f a t e  to  t h e  s o i l  r e s u l t e d  i n  a s l i g h t  i n c r e a s e  i n  the  u p t a k e  o f  
z i n c  by th e  sorghum p l a n t s .  Wear i n t e r p r e t e d  t h i s  to  mean t h a t  th e  
r e d u c t i o n  i n  t h e  u p t a k e  o f  z i n c  by t h e  p l a n t s  f o l l o w i n g  t h e  a d d i t i o n  o f  
t h e  l i m i n g  m a t e r i a l s  was due  to  the  e f f e c t  on pH and n o t  a c a l c i u m  e f ­
f e c t .  Brown and J u r i n a k  (1 9 6 4 )  a l s o  s t u d i e d  th e  i n f l u e n c e  o f  l im e  on 
t h e  a v a i l a b i l i t y  o f  z i n c .  T h e i r  r e s u l t s  i n d i c a t e d  th e  r e d u c t i o n  in  
the  a v a i l a b i l i t y  o f  z i n c  was due to  th e  e f f e c t  o f  l im e  on the  pH o f  
th e  s o i l  and n o t  a c a l c i u m  e f f e c t .
Rogers  and Chik-Hwa Wu ( 1 9 4 8 )  found t h a t  t h e  a p p l i c a t i o n  o f  l im e  
redu c e d  t h e  z i n c  c o n t e n t  o f  o a t s .  S e a t z  (1 9 6 0 )  and S e a t z ,  S t e r g e s ,  and 
Kramer (1959 )  a l s o  r e p o r t e d  t h a t  a d d i t i o n s  o f  l im e  d e c r e a s e d  th e  c o n ­
c e n t r a t i o n  and t h e  u p t a k e  o f  z i n c  by v a r i o u s  p l a n t s .  G a l l  and B a r n e t t e
6( 1 9 4 0 )  r e p o r t e d  u s i n g  l im e  to  r e d u c e  th e  t o x i c i t y  o f  r e l a t i v e l y  h i g h  
l e v e l s  o f  z i n c  in  th e  s o i l .
Navrot  and R a v i k o v i t c h  ( 1 9 6 9 )  found an i n v e r s e  r e l a t i o n s h i p  b e ­
tween th e  a b s o r p t i o n  o f  n a t i v e  z i n c  by tom a to e s  and the  c a l c i u m  c a r ­
b o n a t e  l e v e l  in  s o i l s  o r i g i n a t i n g  from c a l c a r e o u s  p a r e n t  m a t e r i a l .
They found t h a t  th e  u p t a k e  o f  added z i n c  was a f f e c t e d  by t h e  p a r t i c l e  
s i z e  o f  c a l c i u m  c a r b o n a t e .  I n c r e a s i n g  amounts o f  c a l c i u m  c a r b o n a t e  
p a r t i c l e s  o f  2 m ic r o n s  o r  l e s s  i n  s i z e ,  t ended  to  p r o g r e s s i v e l y  r e d u c e  
t h e  u p t a k e  o f  z i n c .  They r e p o r t e d  t h a t  th e  amount o f  z i n c  e x t r a c t e d  
from c a l c a r e o u s  s o i l s  was g o v e r n e d  by t h e  l e v e l  o f  c a l c i u m  c a r b o n a t e  
l e s s  than 2 m ic r o n s  in  s i z e  p r e s e n t  i n  t h e  s o i l .
Through i t s  i n f l u e n c e  on s o i l  pH, th e  t y p e  o f  n i t r o g e n  c a r r i e r  
u s e d  may have  an e f f e c t  on p l a  u p t a k e  o f  z i n c .  V-Tets, Boawn, and 
Crawford (1957 )  and Boawn e t  a l .  ( 1 9 6 0 )  s t u d i e d  t h e  e f f e c t  o f  n i t r o g e n  
and t y p e s  o f  n i t r o g e n  c a r r i e r  on t h e  u p t a k e  o f  z i n c  by p l a n t s .  T h e i r  
r e s e a r c h  r e v e a l e d  t h a t  n i t r o g e n  a p p l i c a t i o n s  g e n e r a l l y  i n c r e a s e d  t h e  
u p ta k e  o f  b o t h  n a t i v e  and a p p l i e d  z i n c .  The e f f e c t  depended upon the  
change  i n  s o i l  pH b r o u g h t  a b o u t  by t h e  n i t r o g e n  c a r r i e r .  The u s e  o f  
ammonium s u l f a t e  a l o n e ,  r e s u l t e d  i n  a g r e a t e r  u p t a k e  o f  z i n c  than d i d  
t h e  u s e  o f  sodium  n i t r a t e  combined w i t h  th e  a d d i t i o n  o f  f o u r  pounds  
p e r  a c r e  o f  z i n c  s u l f a t e .  Where t h e  n i t r o g e n  s o u r c e  e f f e c t  was o b ­
s e r v e d ,  i t  was found to  be c l o s e l y  c o r r e l a t e d  w i t h  c h a n g e s  i n  s o i l  pH 
c a u s e d  by the  a d d i t i o n  o f  t h e  n i t r o g e n  s o u r c e .  V i e t s  e t  a l .  ( 1 9 5 7 )  
p o s t u l a t e d  t h a t  n i t r o g e n  i n c r e a s e d  u p t a k e  o f  z i n c  by p l a n t s  e i t h e r  by  
p r o m o t in g  more e x t e n s i v e  and i n t e n s i v e  r o o t  d e v e lo p m e n t  a n d / o r  through  
an a c i d i f y i n g  e f f e c t  on t h e  s o i l .
7R e s e a r ch  c o n d u c t e d  by i n v e s t i g a t o r s  a t  t h e  I n t e r n a t i o n a l  R ic e  
R e s e a r ch  I n s t i t u t e  (1 9 7 0 )  d e m o n s t r a t e d  t h a t  " p h y s i o l o g i c a l l y  a c i d "  
n i t r o g e n e o u s  f e r t i l i z e r s  such  as  ammonium c h l o r i d e  and ammonium s u l ­
f a t e ,  may improve  th e  u p t a k e  o f  z i n c  by r i c e  p l a n t s  grown on c a l c a r e o u s  
s o i l s  low in  z i n c .  They found t h a t  u r e a  a p p l i e d  to r i c e  p l a n t s  grown 
on a c a l c a r e o u s  s o i l  low i n  z i n c  c a u s e d  s e v e r e  symptoms o f  z i n c  d e f i ­
c i e n c y  to d e v e l o p .  P l a n t s  s u p p l i e d  w i t h  anmonium s u l f a t e  showed o n l y  
s l i g h t  symptoms o f  z i n c  d e f i c i e n c y ,  w h i l e  p l a n t s  s u p p l i e d  w i t h  ammon­
ium c h l o r i d e ,  a s  th e  n i t r o g e n  s o u r c e ,  d i d  n o t  show any symptoms o f  
z i n c  d e f i c i e n c y ,
A r e v i e w  o f  r e s e a r c h  by M o r te n s e n  ( 1 9 6 3 )  h a s  shown t h a t  s o i l  
o r g a n i c  m a t t e r  forms c o m p le x e s  w i t h  m e t a l s  by i o n  e x c h a n g e ,  s u r f a c e  r e ­
a c t i o n  and a b s o r p t i o n ,  and c h e l a t i o n  r e a c t i o n  m echan ism s .  Randhawa and 
B roadbent  (1 9 6 5 )  found t h a t  t h e  amount o f  z i n c  c o m p le x e d  by humic a c i d  
was i n f l u e n c e d  by pH. As th e  pH i n c r e a s e d ,  t h e  amount o f  z i n c  complexed  
was i n c r e a s e d .
Under f i e l d  c o n d i t i o n s ,  z i n c  d e f i c i e n c i e s  h a v e  been  o b s e r v e d  
where  o r g a n i c  m a t t e r  was c o n s i d e r e d  to  be  h i g h .  In U tah ,  z i n c  d e f i c i e n t  
o r c h a r d s  u s u a l l y  have  be e n  f e r t i l i z e d  f o r  many y e a r s  w i t h  l i b e r a l  a p p l i ­
c a t i o n s  o f  farm manure (T h or n e ,  1 9 5 7 ) .  Z in c  d e f i c i e n c i e s  h a v e  been  o b ­
s e r v e d  in  s i t e s  t h a t  f o r m e r l y  were  c o r r a l s  o r  b a r n y a r d s .  T h ese  d e f i ­
c i e n c i e s  were  t h o u g h t  to  be c l o s e l y  a s s o c i a t e d  w i t h  th e  r e l a t i v e l y  h i g h  
amounts o f  o r g a n i c  m a t t e r  p r e s e n t  ( C h a n d le r ,  1 9 3 7 ) .
A c c o r d i n g  to  DeNumbrum and J a c k s o n  ( 1 9 5 6 ) ,  p e a t  may h o l d  z i n c  
and c o p p e r  by a c h e l a t i o n  t y p e  o f  r e a c t i o n .  Baughman ( 1 9 6 5 )  h a s
8s t a t e d  t h a t  z i n c  r e t a i n e d  by o r g a n i c  m a t t e r  was c h e l a t e d  and c o m p le x e d .  
H is  r e s u l t s  i n d i c a t e d  t h a t  c h e l a t i o n  and c o m p le x i n g  o f  z i n c  by o r g a n i c  
m a t t e r  may be a s i g n i f i c a n t  f a c t o r  i n  r e d u c i n g  z i n c  a v a i l a b i l i t y  in  
s o i l s .
M i l l i k a n  (1942)  found t h a t  c e r e a l s  p l a n t e d  on s o i l s  t h a t  were  
r e c e n t l y  plowed from s t u b b l e  e x h i b i t e d  more z i n c  d e f i c i e n c y  symptoms  
than  d i d  t h o s e  p l a n t e d  on s o i l s  t h a t  were  a l l o w e d  to  f a l l o w .  Shaw e t  
a l .  ( 1 9 5 4 ) ,  w o r k in g  w i t h  v a r i o u s  s o i l s ,  r e p o r t e d  t h a t  a p p l y i n g  f o u r  tons  
o f  dry  o r g a n i c  m a t t e r  p e r  a c r e  s i g n i f i c a n t l y  redu c e d  p l a n t  u p t a k e  o f  
6 5Zn.
Some w orkers  have  c o n c l u d e d ,  h o w ev e r ,  t h a t  t h e  amount o f  z i n c  
a s s o c i a t e d  w i t h  t h e  s o i l  o r g a n i c  f r a c t i o n  i s  s m a l l  and p r o b a b l y  d o e s  
n o t  i n f l u e n c e  th e  a v a i l a b i l i t y  o f  z i n c  to  p l a n t s  t o  any g r e a t  e x t e n t .  
Hubbard, a s  r e p o r t e d  by DeRemer and Smith  ( 1 9 6 4 ) ,  f a i l e d  to  o b t a i n  s i g ­
n i f i c a n t  r e l e a s e s  o f  z i n c  i n  s e v e r a l  s o i l s  by b u r n in g  the  o r g a n i c  
m a t t e r  o r  o x i d i z i n g  i t  w i t h  hyd r oge n  p e r o x i d e .  S i n c e  Tucker  and Kurtz  
( 1 9 5 5 )  r e c o v e r e d  such  s m a l l  amounts o f  z i n c  t h a t  w e r e  r e l e a s e d  when 
t h e  o r g a n i c  m a t t e r  i n  s e v e r a l  s o i l s  was d e s t r o y e d  w i t h  h y d r o g e n  p e r o x ­
i d e ,  t h e y  c o n c l u d e d  t h a t  o n l y  a s m a l l  p o r t i o n  o f  s o i l  z i n c  o c c u r r e d  in  
t h e  o r g a n i c  form.
R e s e a r c h  c on d u c t e d  by i n v e s t i g a t o r s  a t  t h e  I n t e r n a t i o n a l  R i c e  
R e s e a r c h  I n s t i t u t e  (1969 )  showed t h a t  z i n c  d e f i c i e n c i e s  in  r i c e  p l a n t s  
c o u l d  be in d u c e d  by t h e  a d d i t i o n  o f  o r g a n i c  m a t t e r .  They found t h a t  
t h e  a d d i t i o n  o f  c e l l u l o s e ,  a s  w e l l  a s  t h e  a d d i t i o n  o f  s o y b e a n  l e a v e s  
and r i c e  s t r a w ,  r e s u l t e d  i n  t h e  a p p e a r a n c e  o f  z i n c  d e f i c i e n c y  symptoms,
9d e c r e a s e d  gr ow th ,  and l o w e r  z i n c  c o n t e n t  o f  r i c e  p l a n t s .  The d e c r e a s e  
i n  growth was a t t r i b u t e d  t o  the  reduced  z i n c  c o n t e n t  o f  the  p l a n t s .  
A d d i t i o n a l  r e s e a r c h  c o n d u c t e d  by i n v e s t i g a t o r s  a t  th e  I n t e r n a t i o n a l  R ice  
R e s e a r ch  I n s t i t u t e  ( 1 9 7 0 )  i n d i c a t e d  t h a t  the a d d i t i o n  o f  c e l l u l o s e  to  
t h e  s o i l  d i d  n o t  s i g n i f i c a n t l y  r e d u c e  the z i n c  c o n c e n t r a t i o n  in  the  s o i l  
s o l u t i o n .  I t  was t h e r e f o r e  c o n c lu d e d  t h a t  the  a g g r a v a t i o n  o f  z i n c  d e ­
f i c i e n c y  in d u c e d  by t h e  a d d i t i o n  o f  c e l l u l o s e  was n o t  due t o  a change  
in  t h e  c o n c e n t r a t i o n  o f  z i n c  i n  t h e  s o i l  s o l u t i o n ,  b u t  to  some o t h e r  
f a c t o r  r e t a r d i n g  t h e  a b s o r p t i o n  o f  z i n c  by r i c e  p l a n t s .
Z in c  may be somewhat i m m o b i l i z e d  i n  t h e  s o i l  by a b s o r p t i o n  on 
s u r f a c e s  o f  c l a y  and humus. T h e r e f o r e ,  the  e x t e n s i v e n e s s  o f  r o o t  d e ­
v e lo p m e n t  may be o f  more i m p o r t a n c e  i n  th e  u p t a k e  o f  z i n c  than f o r  the  
u p t a k e  o f  more m o b i l e  n u t r i e n t  e l e m e n t s .  S i n c e  t e m p e r a tu r e  may a f f e c t  
r o o t  d e v e l o p m e n t ,  i t  a p p e a r s  p r o b a b l e  t h a t  s o i l  t e m p e r a tu r e  may have  
a t  l e a s t  an i n d i r e c t  e f f e c t  on t h e  u p t a k e  o f  z i n c ,  e s p e c i a l l y  in  young  
s e e d l i n g s .  T h i s  i s  b orne  o u t  by t h e  f a c t  t h a t  th e  a p p e a r a n c e  o f  z i n c  
d e f i c i e n c y  symptoms i n  n e w ly  s e e d e d  c r o p s  su c h  a s  c o r n  o r  beans  a r e  
more f r e q u e n t l y  o b s e r v e d  i n  c o l d  w e t  s p r i n g s  than i n  warm o n e s .  T h is  
a p p e a r s  to  be  a r e s u l t  o f  t h e  e f f e c t  o f  t e m p e r a t u r e ,  a s  th e  p l a n t  a p ­
p a r e n t l y  "grows ou t"  o f  the  d e f i c i e n c y  symptoms a s  th e  t e m p e r a tu re  
i n c r e a s e s  and t h e  p l a n t s  d e v e l o p  ( E l l i s ,  D a v i s ,  and t h u r lo w ,  1 9 6 4 ) .
A l t h o u g h  n o t  much r e s e a r c h  h a s  been c a r r i e d  o u t  on the  e f f e c t  
o f  t e m p e r a tu r e  on z i n c  u p t a k e ,  t h e r e  i s  e v i d e n c e  t h a t  t e m p e r a tu r e  d o e s  
e x e r t  an i n f l u e n c e .  E l l i s  e t  a l .  ( 1 9 6 4 )  o b s e r v e d  a d e c r e a s e  i n  the  
z i n c  c o n c e n t r a t i o n  i n  p l a n t  t i s s u e  and th e  t o t a l  u p t a k e  o f  z i n c  by c or n
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p l a n t s  when th e  s o i l  t e m p e r a tu r e  was d e c r e a s e d  from 24C to  13C.
M a r t i n ,  McLean, and Q uick  ( 1 9 6 5 )  d e m o n s t r a t e d  t h a t  f o r  a s o i l  c o n t a i n ­
ing 0 . 9  ppm d i t h i z o n e  e x t r a c t a b l e  z i n c ,  i t  was p o s s i b l e  t o  i n d u c e  z i n c  
d e f i c i e n c i e s  i n  t o m atoe s  w i t h  a d d i t i o n s  o f  phosp horus  when the  s o i l  
t em p e r a tu r e  was k e p t  a t  10C and 16C. P h o s p h o r u s - i n d u c e d  z i n c  d e f i c i e n ­
c i e s  d i d  n o t  o c c u r  when t h e  s o i l  t e m p e r a tu r e  was i n c r e a s e d  to  21C and 
27C. Gan iron  e t  a l .  ( 1 9 6 9 )  r e p o r t e d  t h a t  c or n  s e e d l i n g s  grown a t  lower  
t e m p e r a t u r e s  had a b o u t  e q u a l  c o n c e n t r a t i o n s  o f  z i n c  in  the  s h o o t s  and 
r o o t s .  Ganiron e t  a l .  ( 1 9 6 9 )  i n t e r p r e t e d  t h i s  t o  mean t h a t  t em p e r a tu re  
a f f e c t e d  the a v a i l a b i l i t y  o f  s o i l  z i n c  r a t h e r  than i n f l u e n c i n g  t h e  up­
t a k e  o r  t r a n s l o c a t i o n  o f  z i n c .  Sharma e t  a l .  ( 1968 )  r e p o r t e d  t h a t  a 
p r o g r e s s i v e  d e c r e a s e  i n  s o i l  t e m p e r a tu r e  from 30 to  2 2 . 5  and to  15C 
ga v e  a p r o g r e s s i v e  d e c r e a s e  i n  the  z i n c  u p t a k e  and dry m a t t e r  o f  r i c e  
p l a n t s .  They a l s o  n o t e d  t h a t  t h e  r e s p o n s e  to z i n c  d e c r e a s e d  w i t h  i n ­
c r e a s i n g  s o i l  t e m p e r a t u r e .  They o b s e r v e d  t h a t  a t  15C, t h e  a p p l i c a t i o n  
o f  z i n c  i n c r e a s e d  t h e  c o n c e n t r a t i o n  o f  z i n c  i n  the  r o o t s ,  b u t  d i d  n o t  
s i g n i f i c a n t l y  i n c r e a s e  the  c o n c e n t r a t i o n  o f  z i n c  i n  th e  s h o o t s  i n d i c a ­
t i n g  t h a t  t e m p e r a tu re  had some e f f e c t  on t h e  t r a n s l o c a t i o n  o f  z i n c  in  
r i c e  p l a n t s .  T h is  i s  i n  d i r e c t  o p p o s i t i o n  to  t h e  c o n c l u s i o n  drawn by 
G aniron  e t  a l .  ( 1 9 6 9 )  t h a t  t e m p e r a tu r e  d i d  n o t  i n f l u e n c e  the  t r a n s l o c a ­
t i o n  o f  z i n c .
Bauer and L in d s a y  ( 1 9 6 5 )  s t u d i e d  the  e f f e c t  o f  s o i l  t e m p e r a tu re  
on the  a v a i l a b i l i t y  o f  n a t i v e  s o i l  z i n c .  They i n c u b a t e d  a z i n c  d e f i ­
c i e n t  Weld loam s o i l  f o r  p e r i o d s  o f  0 ,  1 ,  3 ,  and 6 weeks  a t  t e m p e r a t u r e s  
o f  5 ,  17 ,  3 1 ,  and 43C. The s o i l  was t r e a t e d  w i t h  0 and 0 . 7 5  ppm o f  z i n c
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s u l f a t e  i m m e d ia t e ly  p r i o r  to  p l a n t i n g  t w o - w e e k - o l d  c or n  p l a n t s .  The 
c o r n  p l a n t s  were  a l l o w e d  t o  e x p l o i t  th e  p r e v i o u s l y  i n c u b a t e d  s o i l  f o r  
a two-week p e r i o d .  Both y i e l d  o f  dry  m a t t e r  and uptak e  o f  z i n c  were  
g r e a t e r  from the  s o i l  t h a t  had been  i n c u b a t e d  a t  43C f o r  1 and 3 weeks  
than any o t h e r  t r e a t m e n t s .  The a d d i t i o n  o f  z i n c  showed t h a t  z i n c  was 
a l i m i t i n g  f a c t o r  i n  growth o f  t h e  c o r n  p l a n t s  grown in  th e  s o i l  t h a t  
had been i n c u b a t e d  a t  t h e  low er  t e m p e r a t u r e s .
Bauer and L in d s a y  ( 1 9 6 5 )  o f f e r e d  s e v e r a l  s u g g e s t i o n s  as  to  the  
mechanism o f  the  t e m p e r a tu r e  e f f e c t  on t h e  a v a i l a b i l i t y  o f  z i n c :  (1 )
r e l e a s e  o f  a v a i l a b l e  q u a n t i t i e s  o f  z i n c  a t  h i g h e r  t e m p e r a t u r e s  may 
s u g g e s t  t h a t  th e  m i c r o b i a l  p o p u l a t i o n  i s  i n v o l v e d ,  (2 )  a n o n - b i o l o g i c a l  
t e m p e r a tu re  d e p e n d e n t  mechanism may be  r e s p o n s i b l e  f o r  m i n e r a l i z a t i o n  
o f  z i n c  c o n t a i n i n g  compounds,  (3)  t h e r e  may be a r e l e a s e  o f  n a t u r a l  
c h e l a t i n g  a g e n t s  d u r i n g  t h e  d e c o m p o s i t i o n  o f  o r g a n i c  r e s i d u e s  a t  h i g h e r  
t e m p e r a t u r e s ,  and ( 4 )  t h e  mechanism may be  due t o  the  e f f e c t  o f  i n ­
c r e a s e d  carbon  d i o x i d e  p r e s s u r e  which  may c a u s e  an i n c r e a s e  in  th e  
hyd r oge n  io n  a c t i v i t y .
A g r e a t  d e a l  o f  r e s e a r c h  h a s  be e n  c o n d u c t e d  on i n f l u e n c e  o f  
phosphorus  on t h e  u p t a k e  and u t i l i z a t i o n  o f  z i n c  by p l a n t s .  E x c e s s i v e  
amounts o f  phosp horus  i n  t h e  s o i l  h a v e  b een  a s s o c i a t e d  w i t h  low z i n c  
a v a i l a b i l i t y  in  many r e g i o n s  o f  t h e  w o r l d .  Chapman, V a n se lo w ,  and 
L i e b i g  ( 1 9 3 7 )  r e p o r t e d  t h a t  h i g h  c o n c e n t r a t i o n s  o f  phosp horus  induced  
z i n c  d e f i c i e n c y  symptoms i n  o r a n g e  s e e d l i n g s  grown in  n u t r i e n t  s o l u ­
t i o n s .  However,  Bingham (1 9 6 3 )  s t a t e d  t h a t  h e  c o u l d  n o t  i n d u c e  z i n c  
d e f i c i e n c y  o f  s e e d l i n g s  grown i n  sand  c u l t u r e  w i t h  as  much a s  100 ppm 
o f  phosp h or u s  and o n l y  0 . 0 5  ppm o f  z i n c  i n  t h e  n u t r i e n t  s o l u t i o n .
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B u r l e s o n ,  D a c u s , and Gerard ( 1 9 6 1 )  r e p o r t e d  t h a t  s e v e r e  z i n c  
d e f i c i e n c y  o f  beans  c o u l d  be induced  by a p p l i c a t i o n  o f  l a r g e  amounts  
o f  p h o s p h o r u s .  They a l s o  r e p o r t e d  t h a t  when both  z i n c  and phosphorus  
were a p p l i e d ,  the  u p t a k e  o f  b o th  z i n c  and phosphorus  was r e d u c e d .
M a r t in  e t  a l .  ( 1 9 6 5 )  a l s o  n o t e d  t h a t  phosp horus  a p p l i c a t i o n s  reduced  
th e  z i n c  c o n c e n t r a t i o n  in  th e  l e a f  t i s s u e  o f  p o t a t o  p l a n t s ,  w h i l e  th e  
a p p l i c a t i o n  o f  z i n c  t ended  to  d e c r e a s e  th e  c o n c e n t r a t i o n  o f  phosphorus  
in  t h e  l e a v e s .  E l l i s  e t  a l .  ( 1 9 6 4 )  r e p o r t e d  t h a t  i n  most  o f  t h e i r  e x ­
p e r i m e n t s ,  a n e g a t i v e  c o r r e l a t i o n  was o b t a i n e d  b e tw een  z i n c  and p h o s ­
phorus  c o n c e n t r a t i o n s  i n  p l a n t  t i s s u e .  However,  th e  r e s u l t s  o f  
r e s e a r c h  c o n d u c t e d  by Warnock (1 9 7 0 )  i n d i c a t e d  t h a t  even  though a p ­
p l i e d  phosp horus  reduced  the  c o n c e n t r a t i o n  o f  z i n c  i n  cor n  p l a n t s ,  
t h e  t o t a l  u p t a k e  p e r  p l a n t  was no t  r e d u c e d .
A c c o r d i n g  to  Ward e t  a l .  ( 1 9 6 2 ) ,  th e  o c c u r r e n c e  o f  z i n c  d e f i c i ­
e n c i e s  was g r e a t e r  on c a l c a r e o u s  s o i l s  t h a t  were  i n h e r e n t l y  h i g h  i n  
phosp horus  and low i n  s o l u b l e  z i n c .  They s t a t e d  t h a t ,  th e  more e f f e c ­
t i v e l y  phosp horus  was u t i l i z e d  by th e  c r o p ,  t h e  more s e v e r e  was t h e  
r e d u c t i o n  i n  th e  u p t a k e  and u t i l i z a t i o n  o f  z i n c .  They s u g g e s t e d  t h a t  
low r a t e s  o f  phosp horus  r a t h e r  than l a r g e ,  i n f r e q u e n t  a p p l i c a t i o n s  would  
more l i k e l y  r e s u l t  i n  l e s s  damaging e f f e c t s  on z i n c  u p t a k e .  M e l t o n ,  
E l l i s ,  and D o l l  ( 1 9 7 0 )  a l s o  n o t e d  t h a t  h e a v y  a p p l i c a t i o n s  o f  phosp horus  
g e n e r a l l y  in d u c e d  g r e a t e r  z i n c  d e f i c i e n c y  on s o i l s  t h a t  were  n e u t r a l  t o  
a l k a l i n e  i n  r e a c t i o n .
There  h a v e  been  many t h e o r i e s  a s  to  th e  p o s s i b l e  mechanism o f  
p h o s p h o r u s - z i n c  i n t e r a c t i o n s .  R e s u l t s  from g r e e n h o u s e  e x p e r i m e n t s
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c o n d u c t e d  by B u r l e s o n  e t  a l .  ( 1961 )  s u g g e s t e d  a p o s s i b i l i t y  o f  p h o s ­
p h o r u s - z i n c  a n t a g o n i s m  w i t h i n  p l a n t  r o o t s .  S t u k e n h o l t z  e t  a l .  ( 1966)  
found t h a t  in  c o r n ,  t h e  t r a n s l o c a t i o n  o f  z i n c  from the  r o o t s  to  the  
s h o o t s  was i n h i b i t e d  by h i g h  phosphorus  c o n c e n t r a t i o n s  wh ich  r e s u l t e d  
in  a r e d u c t i o n  o f  th e  z i n c  c o n c e n t r a t i o n  o f  n o d a l  and i n t e r n o d a l  t i s ­
s u e s .  They s u g g e s t e d  t h a t  t h e  d e p r e s s i v e  a c t i o n  o f  phosphorus  on z i n c  
u p ta k e  ap p e ar e d  to  be  p h y s i o l o g i c a l  and n o t  a r e s u l t  o f  c h e m i c a l  i n ­
a c t i v a t i o n  o f  z i n c  by ph osp h or u s  i n  t h e  s o i l .  E l l i s  e t  a l .  ( 1964)
p r e s e n t e d  d a t a  wh ich  s u p p o r t e d  th e  h y p o t h e s i s  t h a t  t h e  p h o s p h o r u s - z i n c  
i n t e r a c t i o n  o c c u r r e d  e i t h e r  a t  t h e  r o o t  s u r f a c e  o r  w i t h i n  the  r o o t s  o f  
c o m  p l a n t s .  Ward e t  a l .  ( 1 9 6 2 )  r e p o r t e d  t h a t  t h e  damaging e f f e c t  o f
phosp horus  on z i n c  u t i l i z a t i o n  was l a r g e l y  p h y s i o l o g i c a l  i n  n a t u r e  and
p r o b a b l y  a p l a n t  r o o t  c e l l  a b s o r p t i o n  phenomenon,  and n o t  an e x t e r n a l  
z i n c  p h o s p h a t e  p r e c i p i t a t i o n .
R e s e a r c h  by P a u l s e n  and R o t i n i  ( 1 9 6 8 )  i n d i c a t e d  t h a t  t h e  d e p r e s s ­
i n g  e f f e c t  o f  p h o s p h o r u s  on z i n c  o r i g i n a t e d  i n  the  r o o t s  and i n f l u e n c e d  
t h e  t r a n s l o c a t i o n  o f  z i n c  to  the  upp er  p l a n t  p a r t s .  P a u l i ,  E l l i s ,  and 
Moses ( 1 9 6 8 )  p r e s e n t e d  e v i d e n c e  t h a t  a h i g h  p h o s p h o r u s - z i n c  r a t i o  i n ­
c r e a s e d  "he w a t e r  e x t r a c t a b l e  z i n c  i n  t h e  s o i l .  They c o n c lu d e d  t h a t  
th e  p h o s p h o r u s - z i n c  i n t e r a c t i o n  phenomenon o c c u r r e d  i n  t h e  r o o t s  r a t h e r  
than in  t h e  s o i l .  B u r l e s o n  and Page  ( 1 9 6 7 ) ,  u s i n g  f l a x  a s  an i n d i c a t o r  
p l a n t ,  c o n c l u d e d  t h a t  th e  p h o s p h o r u s - z i n c  i n t e r a c t i o n  o c c u r r e d  a t  th e  
r o o t  s u r f a c e s  o r  w i t h i n  the  p l a n t .  They s u g g e s t e d  t h a t  phosphorus  and 
z i n c  i n t e r a c t e d ,  w i t h i n  t h e  r o o t ,  i n  such  a manner t h a t  reduced  t h e i r  
m o b i l i t y  a n d / o r  s o l u b i l i t y .
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The e f f e c t  o f  f l o o d i n g  t h e  s o i l  on t h e  z i n c  c o n c e n t r a t i o n  i n  
r i c e  p l a n t s  i s  w e l l  documented ( Y o s h id a  and Tanaka,  1969;  S e n e w i r a t n e  
and M i k k e l s e n , 1961;  Kahn, 1 9 6 9 ) .  C h e r i a n ,  P a u l s e n ,  and Murphy (1968)  
r e p o r t e d  a s i g n i f i c a n t  d e c r e a s e  in  t h e  z i n c  c o n c e n t r a t i o n  o f  r i c e  
p l a n t s  grown under  f l o o d e d  c o n d i t i o n s .  Chaudhry and McLean (1963)  
a l s o  r e p o r t e d  o b t a i n i n g  lo w e r  z i n c  c o n c e n t r a t i o n s  in  r i c e  p l a n t s  grown 
un d er  f l o o d e d  c o n d i t i o n s .  R e s e a r ch  by i n v e s t i g a t o r s  a t  the  I n t e r n a ­
t i o n a l  R i c e  R e s e a r c h  I n s t i t u t e  ( 1 9 6 9 )  i n d i c a t e d  t h a t  both  the c o n c e n ­
t r a t i o n  and the  u p t a k e  o f  z i n c  by r i c e  p l a n t s  grown under  f l o o d e d  
c o n d i t i o n s  on an a c i d  s o i l  was r e d u c e d .  The z i n c  c o n c e n t r a t i o n ,  but  
n o t  t h e  t o t a l  u p t a k e ,  was r e d u c e d  when t h e  p l a n t s  were grown under  
f l o o d e d  c o n d i t i o n s  on a c a l c a r e o u s  s o i l .  They found t h a t  when the  
a c i d  s o i l  was f l o o d e d ,  t h e  z i n c  c o n t e n t  o f  t h e  r i c e  s h o o t s  d e c r e a s e d  
s h a r p l y .  They s u g g e s t e d  t h a t  t h i s  may h a v e  been  a r e s u l t  o f  t h e  d e ­
c r e a s e d  a v a i l a b i l i t y  o f  z i n c  due to t h e  i n c r e a s e  in  the  pH o f  th e  s o i l  
when i t  was f l o o d e d .  F l o o d i n g  t h e  c a l c a r e o u s  s o i l  r e s u l t e d  in  a d e ­
c r e a s e  in  t h e  z i n c  c o n c e n t r a t i o n  in  the  r i c e  p l a n t s ,  eve n  though t h e  
pH o f  t h e  s o i l  was e x p e c t e d  to  be  lo w e r ed  a f t e r  f l o o d i n g  o f  t h e  s o i l .  
They s u g g e s t e d  t h a t  t h e  d e c r e a s e  i n  th e  z i n c  c o n c e n t r a t i o n  in  th e  r i c e  
p l a n t s  c o u l d  be  p a r t i a l l y  e x p l a i n e d  by th e  i n c r e a s e d  growth o f  th e  
p l a n t s  under  f l o o d e d  c o n d i t i o n s .  F u r t h e r  r e s e a r c h  by i n v e s t i g a t o r s  
a t  th e  I n t e r n a t i o n a l  R i c e  R e s e a r c h  I n s t i t u t e  (1 9 7 0 )  d e m o n s tr a t e d  t h a t  
t h e  z i n c  c o n c e n t r a t i o n  i n  t h e  s o i l  s o l u t i o n  d e c r e a s e d  s h a r p l y  upon 
f l o o d i n g ,  and t ended  to d e c r e a s e  to  a f a i r l y  c o n s t a n t  l e v e l  t o  a b o u t  
0 . 0 1  ppm o f  z i n c  in  s o l u t i o n .  They o b s e r v e d  t h a t  th e  a d d i t i o n  o f
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c e l l u l o s e  to  t h e  s o i l  d i d  n o t  d e c r e a s e  t h e  z i n c  c o n c e n t r a t i o n  in  the  
s o i l  s o l u t i o n .  However, t h e  a d d i t i o n  o f  c e l l u l o s e  tended to  a g g r a v a t e  
z i n c  d e f i c i e n c i e s  o f  r i c e  p l a n t s ,  a l t h o u g h  t h e  p l a n t s  a ppeared  to r e ­
c o v e r  from t h e s e  symptoms some t ime l a t e r .  They s u g g e s t e d  that some 
f a c t o r  o r  f a c t o r s  must  r e t a r d  th e  a b s o r p t i o n  o f  z i n c  by th e  r i c e  p l a n t  
i m m e d ia t e ly  a f t e r  t h e  i n i t i a l  f l o o d i n g  o f  t h e  s o i l  and t h a t  the  e f f e c t  
o f  t h e s e  f a c t o r s  i s  removed o r  somehow c o u n t e r b a l a n c e d  a few weeks  
a f t e r  f l o o d i n g  o f  t h e  s o i l .
Z i n c - I r o n  I n t e r a c t i o n  i n  P l a n t s
There i s  ample e v i d e n c e  i n  t h e  l i t e r a t u r e  t h a t  i r o n - z i n c  i n t e r ­
a c t i o n s  o c c u r  i n  some p l a n t s .  L i n g l e ,  T i f f i n ,  and Brown ( 1 9 6 3 ) ,  u s i n g  
r a d i o a c t i v e  i s o t o p e s  o f  z i n c  and i r o n ,  r e p o r t e d  t h a t  z i n c  i n h i b i t e d  
t h e  a c c u m u l a t i o n  o f  i r o n  i n  the  e x u d a t e  o f  s o y b e a n  p l a n t s .  They o b ­
s e r v e d  t h a t  a t  low c o n c e n t r a t i o n s ,  h e a v y  m e t a l  c a t i o n s  such  as  man­
g a n e s e  and c o p p e r  s t i m u l a t e d  i r o n  t r a n s p o r t  i n t o  t h e  x y lem  o f  
d e c a p i t a t e d  soybean  p l a n t s .  They found t h a t  a t  low c o n c e n t r a t i o n s ,  
z i n c  i n h i b i t e d  i r o n  t r a n s p o r t  i n t o  t h e  x y lem  o f  s o y b e a n  p l a n t s .  T i f f i n  
(1967)  d e m o n s tr a t e d  t h a t  z i n c  had an i n h i b i t o r y  e f f e c t  on i r o n  accumu­
l a t i o n  and t r a n s p o r t  i n  tomato p l a n t s .
R o s e l l  and U l r i c h  (1 9 6 4 )  r e p o r t e d  t h a t  t h e  l e a v e s  o f  z i n c -  
d e f i c i e n t  s u g a r  b e e t  p l a n t s  c o n t a i n e d  an u n u s u a l l y  h i g h  c o n c e n t r a t i o n  
o f  i r o n .  The a p p l i c a t i o n  o f  z i n c  r e s u l t e d  i n  as  much a s  an 80% r e d u c ­
t i o n  in  the  i r o n  c o n c e n t r a t i o n  i n  t h e  l e a v e s .  Wamock (1 9 7 0 )  r e p o r t e d  
a r e l a t i o n s h i p  b e tw een  p h o s p h o r u s - i n d u c e d  z i n c  d e f i c i e n c y  i n  c o m  and
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t h e  c o n c e n t r a t i o n  and m o b i l i t y  o f  i r o n  w i t h i n  th e  p l a n t .  He o b s e r v e d  
t h a t  z i n c - d e f i c i e n t  c o r n  p l a n t s  a c c u m u la t e d  a l a r g e  e x c e s s  o f  i r o n .
He s u g g e s t e d  t h a t  t h e  e x c e s s i v e  i r o n  c o n c e n t r a t i o n  was a s s o c i a t e d  w i t h  
z i n c  d e f i c i e n c y  i n  the  p l a n t  and n o t  w i t h  the  l e v e l  o f  i r o n  in  the  s o i l  
s o l u t i o n .  A d r i a n o ,  P a u l s e n ,  and Murphy (1 9 7 1 )  r e p o r t e d  t h a t  i r o n  and 
z i n c  were  m u t u a l l y  a n t a g o n i s t i c  i n  c o r n  s e e d l i n g s .  They found t h a t  
the  growth o f  c o r n  s e e d l i n g s  was d e p r e s s e d  a t  both  low and h i g h  i r o n  
l e v e l s .  They s u g g e s t e d  t h a t  i r o n  d e f i c i e n c y  a t  the  low l e v e l  o f  i r o n  
r e t a r d e d  g r o w th ,  w h e r e a s  a t  t h e  h i g h  i r o n  l e v e l  z i n c  d e f i c i e n c y  was  
a c c e n t u a t e d .
Ambler,  Brown, and Gauch ( 1 9 7 0 )  and Brown, Holmes,  and T i f f i n  
( 1 9 6 1 )  r e p o r t e d  t h a t  t h e  a b s o r p t i o n  o f  i r o n  by s o y b e a n s  i s  r e l a t e d  t o  
t h e  a b i l i t y  o f  t h e  r o o t s  to  r e d u c e  Fe^" t o  Fe "^*". Chaney,  Brown, and 
T i f f i n  (1972 )  i n d i c a t e d  t h a t  th e  r e d u c t i o n  o f  i r o n  a ppeared  to  be o b l i ­
g a t o r y  b e f o r e  i r o n  c o u l d  be a b s o r b e d  by t h e  so y b e a n  r o o t .  They c o n ­
c l u d e d  t h a t  t h e  i n h i b i t o r y  e f f e c t  o f  z i n c  on i r o n  a b s o r p t i o n  was
3+ oj.
r e l a t e d  t o  th e  r e d u c t i o n  o f  Fe t o  Fe
Zinc -M an ganese  I n t e r a c t i o n  i n  P l a n t s
There  a p p e a r s  to  be  some d i s a g r e e m e n t  i n  the  l i t e r a t u r e  c o n c e r n ­
i n g  z in c - m a n g a n e s e  i n t e r a c t i o n s  i n  p l a n t s .  Schm id ,  Haag,  and E p s t e i n  
( 1 9 6 5 )  r e p o r t e d  t h a t  manganese had e s s e n t i a l l y  no e f f e c t  on th e  a b s o r p ­
t i o n  o f  z i n c  bv b a r l e y  r o o t s .  Bowen (1 9 6 9 )  r e p o r t e d  t h a t  manganese  and 
z i n c  d i d  n o t  com pete  f o r  s i m i l a r  a b s o r p t i o n  s i t e s  in  s u g a r  c a n e .  He 
c o n c l u d e d  t h a t  manganese and z i n c  w ere  n o t  a n t a g o n i s t i c  and the
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a b s o r p t i o n  o f  one  was n o t  a f f e c t e d  by th e  o t h e r .  However,  Maas,  Moore,  
and Mason (1 9 6 8 )  r e p o r t e d  t h a t  z i n c  redu c e d  th e  a b s o r p t i o n  o f  manganese  
by b a r l e y  r o o t s .  They c o n c lu d e d  t h a t  the  i n t e r a c t i o n  o f  manganese and 
z i n c  o c c u r r e d  a t  some p o i n t  o t h e r  than t h e  a c t u a l  t r a n s p o r t  or absorp­
t i o n  s i t e s .
A d r ian o  and Murphy ( 1 9 7 0 ) ,  i n  s t u d y i n g  p h o s p h o r u s - z i n c  r e l a t i o n ­
s h i p s ,  o b s e r v e d  t h a t  z i n c  had an i n f l u e n c e  on th e  manganese c o n c e n t r a ­
t i o n  in  cor n  p l a n t s .  They r e p o r t e d  t h a t  h i g h  l e v e l s  o f  z i n c  tended  
to  d e p r e s s  th e  manganese c o n t e n t  o f  th e  corn  p l a n t s ,  w h ereas  h i g h  
l e v e l s  o f  phosp horus  t en d e d  t o  enhance  manganese  c o n c e n t r a t i o n  and u p ­
t a k e .  They s u g g e s t e d  t h a t  th e  e f f e c t  o f  z i n c  on manganese uptak e  may 
h a v e  been  produced  by a redu c e d  phosp horus  c o n c e n t r a t i o n  i n  the  p l a n t  
o r  by a d i r e c t  a n t a g o n i s m  b e tw e e n  z i n c  and manganese  a b s o r p t i o n .
I n v e s t i g a t o r s  a t  t h e  I n t e r n a t i o n a l  R i c e  R e s e a r c h  I n s t i t u t e  
( 1 9 6 9 )  r e p o r t e d  t h a t  an i n t e r a c t i o n  b e tw e e n  z i n c  and manganese e x i s ­
t e d  i n  r i c e  p l a n t s  grown i n  c u l t u r e  s o l u t i o n s .  They o b s e r v e d  t h a t  
r i c e  p l a n t s  s h ow in g  z i n c  d e f i c i e n c y  symptoms t en d e d  t o  a c c u m u la t e  much 
more manganese  than th e  p l a n t s  show ing  no a p p a r e n t  symptoms o f  z i n c  
d e f i c i e n c y .  The manganese  c o n c e n t r a t i o n  in  r i c e  p l a n t s  grown in  c u l ­
t u r e  s o l u t i o n s  c o n t a i n i n g  0 . 0 0 0 1  ppm o f  z i n c  was more than f i v e  t im es  
g r e a t e r  than  t h a t  o f  p l a n t s  grown i n  c u l t u r e  s o l u t i o n s  c o n t a i n i n g  0 . 0 1  
ppm o f  z i n c .  The a d d i t i o n  o f  0 . 0 1  ppm o f  z i n c  to  t h e  c u l t u r e  s o l u t i o n  
r e s u l t e d  i n  an i n c r e a s e  o f  o n l y  2 ppm i n  th e  c o n c e n t r a t i o n  o f  z i n c  in  
t h e  p l a n t s ,  w h er e a s  the  manganese  c o n c e n t r a t i o n  o f  t h e  p l a n t  was r e ­
duced  by more than  2000  ppm.
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C r i t i c a l  L e v e l  o f  Z in c  i n  P l a n t  T i s s u e
A c c o r d i n g  t o  Chapman ( 1 9 6 6 ) ,  z i n c  d e f i c i e n c i e s  h a v e  been  n o t e d  
i n  a w id e  v a r i e t y  o f  p l a n t s  when the  l e v e l  o f  z i n c  was l e s s  than 25 
ppm i n  the  dry m a t t e r .  S e a t z  and J u r i n a k  (1 9 5 7 )  r e p o r t e d  t h a t  the 
c o n c e n t r a t i o n  o f  z i n c  i n  p l a n t s  v a r i e d  w i t h  the  amount o f  a v a i l a b l e  
z i n c  in  the  s o i l ,  t h e  k in d  o f  p l a n t ,  t h e  p l a n t  p a r t  sam p led ,  and the  
s t a g e  o f  growth  o f  t h e  p l a n t .  There  i s  a c o n s i d e r a b l e  amount o f  e v i ­
den c e  t h a t  z i n c  r e a d i l y  a c c u m u l a t e s  i n  th e  l e a v e s  o f  c e r t a i n  p l a n t s .  
However, i n  t h e  c a s e  o f  r i c e ,  z i n c  may be f a i r l y  w e l l  d i s t r i b u t e d  
t h r o u g h o u t  th e  s h o o t  p o r t i o n s  o f  th e  p l a n t .  R e s e a r c h  by i n v e s t i g a t o r s  
a t  th e  I n t e r n a t i o n a l  R i c e  R e s e a r c h  I n s t i t u t e  ( 1 9 7 0 )  d e m o n s tr a t e d  t h a t  
the  z i n c  c o n c e n t r a t i o n  i n  r i c e  l e a v e s  d i d  n o t  v a r y  g r e a t l y  from one  
l e a f  to  a n o t h e r ,  a l t h o u g h  t h e  y ounger  l e a v e s  t en ded  to  h a v e  a h i g h e r  
z i n c  c o n c e n t r a t i o n  than o l d e r  l e a v e s  when t h e  r i c e  p l a n t s  were  grown 
in  mediums c o n t a i n i n g  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n s  o f  z i n c .  Based  
on t h i s  e v i d e n c e ,  t h e y  c o n c l u d e d  t h a t  a n a l y s i s  o f  th e  w h o le  r i c e  s h o o t  
p r o v i d e d  a p p r o x i m a t e l y  th e  same i n f o r m a t i o n  a b o u t  th e  z i n c  s t a t u s  o f  
the  r i c e  p l a n t  as  d i d  t h e  a n a l y s i s  o f  p a r t i c u l a r  l e a v e s .  For c o n v e n ­
i e n c e  and e a s e  i n  sample  c o l l e c t i n g ,  t h e y  s u g g e s t e d  t h a t  the whole  
s h o o t  be u s e d  f o r  d i a g n o s i s  o f  z i n c  d e f i c i e n c y .  T h e i r  r e s u l t s  showed  
t h a t  i f  t h e  z i n c  c o n t e n t  o f  t h e  s h o o t  o f  t h e  r i c e  p l a n t  a t  an e a r l y  
s t a g e  o f  growth i s  l e s s  than  10 to  15 ppm, z i n c  d e f i c i e n c y  i s  l i k e l y  to  
o c c u r .  T h i s  i s  in  a greem ent  w i t h  the  c o n c l u s i o n  drawn by I s h i z u k a  and  
Tanaka a s  r e p o r t e d  by Yamasaki  ( 1 9 6 4 ) .  R e s e a r c h  c o n d u c t e d  in  L o u i s i a n a
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by S e d b e r r y  e t  a l .  ( 1971)  i n d i c a t e d  t h a t  a y i e l d  r e s p o n s e  to a p p l i e d  
z i n c  may be o b t a i n e d  when t h e  c o n c e n t r a t i o n  o f  z i n c  i n  t h e  l e a v e s  o f  
r i c e  p l a n t s ,  sampled when t h e  p a n i c l e s  were  2 mm l o n g ,  was l e s s  than  
15 ppm.
C r i t i c a l  L e v e l  o f  Z in c  i n  the  S o i l
Many r e s e a r c h e r s  h a v e  a t t e m p t e d ,  through  s o i l  a n a l y s i s ,  to  d e ­
t e r m in e  th e  a b i l i t y  o f  a s o i l  t o  s u p p l y  z i n c  to  a p l a n t .  V a r i o u s  
e x t r a c t i n g  s o l u t i o n s  have  b e e n  u t i l i z e d  t o  a s c e r t a i n  t h e  z i n c  s u p p l y ­
in g  power o f  s o i l s .  Martens  and C h e s t e r s  (1967 )  r e p o r t e d  a s i g n i f i ­
c a n t  c o r r e l a t i o n  b e tw e e n  the  z i n c  e x t r a c t e d  from s o i l s  by  0 . 2  M 
magnesium s u l f a t e ,  0 . 1  N h y d r o c h l o r i c  a c i d ,  o r  d i t h i z o n e  and uptak e  
o f  s o i l  z i n c  by cor n  p l a n t s .  Brown and K ran tz  ( 1 9 6 1 ) ,  u s i n g  d i t h i ­
z on e  a s  an e x t r a c t a n t ,  found 0 . 5  ppm o f  z i n c  to  be a c r i t i c a l  l e v e l  
b e l o w  which  a z i n c  r e s p o n s e  m ight  be  e x p e c t e d  f o r  c r o p s  s e n s i t i v e  to  
low a v a i l a b i l i t y  o f  z i n c .  Wear (1 9 5 9 )  r e p o r t e d  t h a t  c o m  resp onded  
to  a p p l i c a t i o n s  o f  z i n c  when t h e  pH o f  t h e  s o i l  was a b o v e  5 . 9  and th e  
d i t h i z o n e  e x t r a c t a b l e  z i n c  was l e s s  than  0 . 9 0  ppm. Shaw and Dean 
( 1952 )  r e p o r t e d  t h a t  many c r o p s  e x h i b i t e d  z i n c  d e f i c i e n c y  symptoms  
when t h e  l e v e l  o f  d i t h i z o n e  e x t r a c t a b l e  z i n c  was l e s s  than  1 . 0  ppm 
in  s o i l s  w i t h  pH v a l u e s  o f  7 . 0  o r  g r e a t e r .
The u s e  o f  0 . 1  N h y d r o c h l o r i c  a c i d  a s  an e x t r a c t a n t  f o r  e s t i ­
m a t in g  s o i l  z i n c  a v a i l a b i l i t y  i s  w i d e s p r e a d .  Wear and Sommer (1 9 4 8 )  
found a good c o r r e l a t i o n  b e tw e e n  a c i d  e x t r a c t a b l e  z i n c  and the  p r e s ­
e n c e  o r  a b s e n c e  o f  d e f i c i e n c y  symptoms i n  c o r n  p l a n t s .  They o b s e r v e d
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t h a t  z i n c  d e f i c i e n c y  symptoms o c c u r r e d  when t h e  a c i d  e x t r a c t a b l e  z i n c  
c o n t e n t  o f  t h e  s o i l  ranged  from 0 . 5 0  to  0 . 9 0  ppm. V i e t s  e t  a l .  ( 1953)  
found t h a t  t h e  l e v e l  o f  a c i d  e x t i a c t a b l e  z i n c  i n  s o i l s  where  v a r i o u s  
c r o p s  a p p e a r e d  to  be d e f i c i e n t  in  z i n c  was from 0 . 8  t o  1 . 3  ppm. The 
l e v e l  o f  a c i d  e x t r a c t a b l e  z i n c  i n  s o i l s  where c r o p s  d i d  n o t  a p p e a r  to  
be d e f i c i e n t  i n  z i n c  was g r e a t e r  than 1 . 3  ppm. K anehir o  and Sherman 
( 1 9 6 7 )  a l s o  r e p o r t e d  a good c o r r e l a t i o n  b e tw e e n  z i n c - d e f i c i e n t  p l a n t s  
and a c i d  e x t r a c t a b l e  z i n c .  S e d b e r r y  e t  a l .  ( 1 9 7 1 )  s u g g e s t e d  t h a t  th e  
c r i t i c a l  l e v e l  o f  z i n c  f o r  r i c e  grown on P r a i r i e  s o i l s  i n  L o u i s i a n a  
was 1 . 2  ppm o r  l e s s  o f  z i n c .
T r i e r w e i l e r  and L i n d s a y , a s  r e p o r t e d  by E n g l e r  ( 1 9 6 9 ) ,  h a v e  s u c ­
c e s s f u l l y  u s e d  e t h y l e n e d i a m i n e  (EDTA) as  a  s o i l  e x t r a c t a n t .  They  
found t h a t  a r e s p o n s e  t o  e i t h e r  z i n c  o r  z i n c  and phosp h or u s  was o b ­
t a i n e d  when t h e  l e v e l  o f  EDTA e x t r a c t a b l e  z i n c  was l e s s  than 1 . 4  ppm. 
No r e s p o n s e  was o b t a i n e d  when t h e  e x t r a c t a b l e  z i n c  was a b o v e  t h i s  
l e v e l .  E n g l e r  (1 9 6 9 )  r e p o r t e d  t h a t  th e  C o lor ad o  S t a t e  U n i v e r s i t y  
S o i l  T e s t i n g  L a b o r a t o r y  u s e d  d i e t h y l e n e t r i a m i n e  p e n t a - a c e t i c  a c i d  
(DPTA) a s  an e x t r a c t a n t  f o r  d i a g n o s i n g  z i n c - d e f i c i e n t  s o i l s .  They  
n o t e d  t h a t  0 . 8  ppm o f  z i n c  e x t r a c t e d  w i t h  DPTA was t h e  c r i t i c a l  z i n c  
l e v e l  i n  t h e  s o i l  f o r  c o r n  p r o d u c t i o n .  When more than 0 . 8  ppm o f  z i n c  
was e x t r a c t e d  by t h i s  m ethod ,  c o r n  d i d  n o t  re sp on d  to  a d d i t i o n s  o f  
z i n c .
MATERIALS AND METHODS
S t u d i e s  w ere  c o n d u c t e d  i n  t h e  g r e e n h o u s e  and i n  th e  l a b o r a t o r y  
t o  d e t e r m i n e  t h e  e f f e c t s  o f  f l o o d i n g  and a p p l i c a t i o n s  o f  z i n c ,  l i m e ,  
and o r g a n i c  m a t t e r  on the  p r o d u c t i o n  o f  dry  m a t t e r  and on t h e  c o n c e n ­
t r a t i o n  and u p t a k e  o f  z i n c ,  i r o n ,  and manganese  by r i c e  (Oryza s a t i v a  
L . )  p l a n t s .
A 4 0 0  kg b u l k  sample  o f  s o i l  was c o l l e c t e d  from each o f  29 
l o c a t i o n s  i n  L o u i s i a n a .  For  t h e  p u r p o s e  o f  i d e n t i f i c a t i o n  and c o n v e n ­
i e n c e  i n  r e p o r t i n g ,  each  sample  was a r b i t r a r i l y  a s s i g n e d  a number from 
1 t o  29 .  The s o i l  t y p e s ,  s u b g r o u p s ,  and l o c a t i o n s  o f  th e  s o i l s  u sed  
i n  the  s t u d i e s  a r e  p r e s e n t e d  i n  T ab le  1. The s o i l s  were  a i r - d r i e d ,  
p u l v e r i z e d ,  m ix e d ,  and s i e v e d  through  a 6 mm p l a s t i c  s c r e e n .  A r e p r e ­
s e n t a t i v e  sample  o f  s o i l  was tak e n  from each  b u l k  sample  f o r  c h e m i c a l  
a n a l y s i s .  The b u l k  s a m p le s  were  then  s t o r e d  i n  p l a s t i c - l i n e d  c o n t a i n ­
e r s  .
The d i l u t e  a c i d  e x t r a c t a b l e  p h o s p h o r u s ,  p o t a s s i u m ,  c a l c i u m ,  and 
magnesium c o n t e n t s  o f  t h e  s o i l  s a m p le s  w ere  d e t e r m in e d  a c c o r d i n g  to  
t h e  m ethods  d e s c r i b e d  by  B rup bacher ,  Bonner and S e d b e r r y  ( 1 9 6 8 ) .  P h o s ­
phorus  was e x t r a c t e d  w i t h  a 0 . 1 0  N HC1 s o l u t i o n  c o n t a i n i n g  0 . 0 3  N am­
monium f l u o r i d e  a t  a  s o i l  t o  s o l u t i o n  r a t i o  o f  1 : 2 0 .  The c o n c e n t r a t i o n  
o f  P was d e t e r m in e d  on an a l i q u o t  o f  t h e  s o i l  e x t r a c t  a f t e r  a b l u e  
c o l o r  was d e v e l o p e d  upon a d d in g  a s o l u t i o n  c o n t a i n i n g  ammonium m olyb-  
d a t e ,  s u l p h u r i c  a c i d  and b o r i c  a c i d ,  and a s o l u t i o n  c o n t a i n i n g  s t a n ­


























The s o i l  t y p e ,  subgroup and l o c a t i o n  o f  s o i l  s a m p le s  u s e d  in  
t h e  g r e e n h o u s e  and l a b o r a t o r y  i n v e s t i g a t i o n s .




- -  -  -  - M i s s i s s i p p i  R i v e r  A l l u v i a l  S o i l s  - - - - - - - - -
Mhoon s i c l  F l u v e n t i c  H a p la q u e p ts  P laquem ines
- A l l u v i a l  S o i l s  o f  t h e  O u a c h i t a  & Arkansas  R i v e r s  - -  -  -  -
G a l l i o n  s i l  
H e b e r t  s i l  
H e b e r t  s i l  
H eb er t  s i l
Typ ic  H a p l u d a l f s  
A e r i e  O c h r a q u a l f s  
A e r i e  O c h r a q u a l f s  
A e r i e  O c h r a q u a l f s
- A l l u v i a l  S o i l s  o f  th e  Red R iver -
P u l a s k i  v f s l  
Norwood s i l  
Norwood s i l  
Norwood s i l  
Y a h o la  v f s l  
Y a h o la  v f s l
Typ ic  U s t i f l u v e n t s  
Typ ic  U d i f l u v e n t s  
Typ ic  U d i f l u v e n t s  
T y p ic  U d i f l u v e n t s  
Typic  U s t i f l u v e n t s  
T y p ic  U s t i f l u v e n t s
■Coasta l  P l a i n s  & F la tw ood s  S o i l s
Bowie f s l  
Shubuta  f s l  
Rus ton f s 1
P l i n t h i c  P a l e u d u l t s  
T yp ic  P a l e u d u l t s  
T y p ic  P a l e u d u l t s
S o i l s  o f  the  C o a s t a l  P r a i r i e s
A c a d ia  s i l  
A c a d i a  s i l  
Crowley  s i l  
Crowley  s i l  
Crowley  s i l  
Crowley  s i l  
Crowley  s i l  
Morey s i l  
Mowata s i l  
Bernard c l
A e r i e  O c h r a q u a l f s  
A e r i e  O c h r a q u a l f s  
T yp ic  A l b a q u a l f s  
T y p ic  A l b a q u a l f s  
T y p ic  A l b a q u a l f s  
T yp ic  A l b a q u a l f s  
T y p ic  A l b a q u a l f s  
T y p ic  A r g i a q u o l l s  
T yp ic  G l o s s a q u a l f s  
V e r t i c  A r g i a q u o l l s
Grant  
C a l d w e l l  
Morehouse  
S t .  Landry
S t .  Landry
B o s s i e r
Rapides
Rap id es
A v o y e l l e s








A c a d ia
A cad ia
A cad ia
C a l c a s i e u
V e r m i l io n
Cameron
( C o n t in u e d )
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T a b le  1 ( C o n t i n u e d ) .
Sample
Number
S o i l  
Type —' Subgroup
L o c a t i o n
(Parish)
-  - M i s s i s s i p p i  T e r r a c e s  & L o e s s i a l  H i l l s S o i l s -  - - - - - -
25 P a t o u t v i l l e  s i l A e r i e  O c h a r q u a l f s Acadia
26 P a t o u t v i l l e  s i l A e r i e  O c h a r q u a l f s S t .  Landry
27 P a t o u t v i l l e  s i l A e r i e  O c h a r q u a l f s V e r m i l io n
28 J e a n e r e t t e  s i l T y p ic  A r g i a q u o l l s Acadia
29 J e a n e r e t t e  s i l T yp ic  A r g i a q u o l l s A cad ia
_1/ S o i l s  c l a s s i f i e d  by S . A. L y t l e ,  A s s o c i a t e  P r o f e s s o r ,  L o u i s i a n a  
A g r i c u l t u r a l  E x p er im e n t  S t a t i o n .
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a Bauscli  .mil bomb S p e c t r o p h o t o m e t e r . P o t a s s i u m ,  c a l c i u m ,  and magnesium  
were e x t r a c t e d  w i th  a 0 . 1 0  N HC1 s o l u t i o n  a t  a s o i l  to  e x t r a c t i n g  s o l u ­
t i o n  r a t i o  o f  1:20  and d e t e r m in e d  u s i n g  a P e r k i n -E lm e r  Model 303 
a t o m i c  a b s o r p t i o n  s p e c t o p h o t o m e t e r .
A Leeds  and Northrup  g l a s s  e l e c t r o d e  pH meter  was used  to m eas ­
u r e  th e  s o i l  r e a c t i o n .  A s l u r r y  o f  s o i l  and d i s t i l l e d  w a t e r  a t  a s o i l  
t o  s o l u t i o n  r a t i o  o f  a p p r o x i m a t e l y  1:1  was em plo yed .  The o r g a n i c  mat­
t e r  c o n t e n t  o f  the s o i l  s a m p le s  was d e t e r m in e d  by the  chromic  a c i d  
method proposed  by W a lk le y  and B l a c k  ( 1 9 3 4 ) .
A p r o c e d u r e  d e s c r i b e d  by J a c k s o n  (1958 )  u s i n g  1 N ammonium a c e ­
t a t e ,  a d j u s t e d  to pH 7 . 0 ,  was employed f o r  the  d e t e r m i n a t i o n  o f  c a t i o n  
ex c h a n g e  c a p a c i t y .  Ten p e r c e n t  p o t a s s i u m  c h l o r i d e  was u se d  to  d i s p l a c e  
t h e  anmonium i o n s  ab s o r b e d  by th e  ex c h a n g e  c o m p le x .  The e x c h a n g e a b l e  
s o i l  c a t i o n s  were d e t e r m in e d  u s i n g  a P e r k i n - E lm e r  Model  303 Atomic  
A b s o r p t i o n  S p e c t r o p h o t o m e t e r .  The p e r c e n t  b a s e  s a t u r a t i o n  was c a l c u ­
l a t e d  by d i v i d i n g  t h e  sum o f  the  s o i l  c a t i o n s  by th e  c a t i o n  ex c h a n g e  
c a p a c i t y  and m u l t i p l y i n g  by 100 .  The e x t r a c t a b l e  p h o s p h o r u s ,  p o t a s ­
s iu m,  c a l c i u m ,  and magnesium c o n t e n t s ,  the  pH, th e  o r g a n i c  m a t t e r  
c o n t e n t ,  the  c a t i o n  e x c h a n g e  c a p a c i t y ,  and the  b a s e  s a t u r a t i o n  o f  the  
s o i l s  u se d  i n  the  i n v e s t i g a t i o n s  a r e  p r e s e n t e d  in  Tab le  2.
The c o n t e n t s  o f  z i n c ,  i r o n ,  and manganese i n  each s o i l  were  d e ­
t e r m in e d .  The d i l u t e  a c i d  e x t r a c t a b l e  z i n c  c o n t e n t  o f  the  s o i l  was 
d e t e r m in e d  by e x t r a c t i n g  5 grams o f  s o i l  w i t h  0 . 1 0  N HC1 a t  a s o i l  to  
s o l u t i o n  r a t i o  o f  1 : 1 0 .  The s o i l  and e x t r a c t i n g  s o l u t i o n  were  a g i ­
t a t e d  f o r  15 m in u te s  on a m e c h a n i c a l  s h a k e r .  I ron  and manganese  were
Tab le  2. C e r t a in  c h e m ic a l  
g a t i o n s .
p r o p e r t i e s  o f  s o i l  samples  used  in the gr e en h ou se  and la b o r a t o r y  i n v e s t i -
Sample
Number S o i l  Type
E x t r a c t a b l e  N u t r i e n t s  
P K Ca Mg
Organic  
pH M a tte r
CEC Base  s a t u -  
pH 7 . 0  r a t i o n
ppm- - - - - - -  70 meq/lOOg %
R iv e r  A l l u v i a l  S o i l s
1 Mhoon s i c l 337 257 2305 692 6 . 6 1 .2 7 26 .1 6 6 . 7
- A l l u v i a l  S o i l s  o f  th e  O uachita & Arkansas; R i v e r s  -  - - -  -
2 G a l l i o n  s i l 183 184 310 93 5 . 7 0 . 6 0 4 . 3 5 9 . 3
3 H ebert  s i l 200 116 205 117 4 . 5 0 . 7 3 7 .3 4 0 . 5
4 H eb er t  s i l 104 115 572 146 6 . 6 0 . 8 3 5 . 1 6 3 . 0
5 H ebert  s i l 72 125 749 249 5 . 6 1 .2 0 1 3 .3 4 7 . 6
Red R i v e r -
6 P u l a s k i  v f s l 38 45 180 80 6 . 1 0 . 5 7 4 . 5 3 7 . 9
7 Norwood s i l 161 131 4000 1000 7 . 4 0 . 6 8 13 .9 8 6 . 6
8 Norwood s i l 171 69 876 300 6 . 6 1 .1 7 9 . 6 6 9 . 7
9 Norwood s i l 159 72 4000 1000 7 . 8 0 . 3 4 10. 1 1 0 0 .0
10 Yahola  v f s l 205 57 784 208 7 . 1 0 . 7 3 8 . 2 6 0 . 3
11 Yahola  v f s l 137 95 340 97 6 . 1 0 . 6 0 6 . 6 5 0 .4
12 Bowie f s l 103 39 342 168 5 . 7 1 .4 8 3.1 52.  7
13 Shubuta f s l 83 140 213 93 6 .1 0 . 8 3 3 .9 5 1 . 0

















( C o n t i n u e d ) .
E x t r a c t a b l e  N u t r i e n t s  Organic
S o i l  Type____________ P________ K________ Ca________ Mg________ pH M a tte r  pH 7 . 0
- - - - - -  ppm- - - - - -  % meq/lOOg
_ _ _ _ _ _ _ _ _ _  - S o i l s  o f  the  C o a s t a l  P r a i r i e s -  - - - - - - - - - - - -
Acadia  s i l 39 44 986 90 7 .2 0 . 4 9 6 . 8
Acadia  s i l 34 110 367 138 4 . 8 1 .5 1 9 . 3
Crowley s i l 34 46 804 251 6 . 3 0 . 6 2 1 0 .2
Crowley s i l 30 49 841 263 6 . 4 0 . 8 8 9 . 4
Crowley s i l 24 59 938 290 6 . 8 1 .6 9 1 1 .7
Crowley s i l 20 50 760 251 6 . 4 1 .2 2 9 . 4
Crowley s i l 20 50 1320 401 7 . 5 0 . 7 3 11 .9
Morey s i l 55 53 998 164 5 . 6 1 .2 0 1 0 .1
Mowata s i l 168 240 800 175 5 . 6 1 .6 6 1 3 .0
Bernard cl 39 85 1200 391 5 . 9 1 .6 6 15 .5
M i s s i s s i p p i  T e r r a c e s  & L o e s s i a l  H i l l s S o i l s  -
P a t o u t v i l l e s i l 21 36 316 98 4 . 9 1 .1 2 8 . 0
P a t o u t v i l l e s i l 78 60 250 86 4 . 6 1 .12 9 . 2
P a t o u t v i l l e s i l 44 45 1200 144 7 .5 0 . 9 1 8 . 9
J e a n e r e t t e  s i l 123 95 1350 197 6 . 9 1 .4 8 11 .9
J e a n e r e t t e  s i l 24 40 1232 240 5 . 2 2 .0 8 1 6 .5
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d e t e r m in e d  s i m u l t a n e o u s l y  by e x t r a c t i n g  5 grams o f  s o i l  w i t h  1 N 
sodium a c e t a t e ,  a d j u s t e d  to  pH 4 . 5 ,  a t  a s o i l  to  e x t r a c t i n g  s o l u t i o n  
r a t i o  o f  1 : 1 0 .  The s o i l  and e x t r a c t i n g  s o l u t i o n  were a g i t a t e d  for 15 
minutes on a m e c h a n i c a l  s h a k e r .  The s o i l  and extracting solutions were 
f i l t e r e d  through  Whatman No. 42 f i l t e r  paper  and the  contents of zinc, 
i r o n ,  and manganese  were  d e t e r m in e d  on a P e r k i n -E lm e r  Model  50 5 atomic 
a b s o r p t i o n  s p e c t r o p h o t o m e t e r .
In a l l  o f  t h e  e x p e r i m e n t s  c o n d u c t e d  i n  the  g r e e n h o u s e ,  2000 grams 
o f  s o i l  on an oven dry  b a s i s ,  were  p l a c e d  in  3 l i t e r  p l a s t i c - l i n e d  c o n ­
t a i n e r s .  The s o i l s  in  the  c o n t a i n e r s  were  then t r e a t e d  a s  o u t l i n e d  in  
the  e x p l a n a t i o n  o f  i n d i v i d u a l  e x p e r i m e n t s .  The w a t e r  u se d  i n  a l l  o f  
the  e x p e r i m e n t s  was d i s t i l l e d  and d e i o n i z e d .
In a l l  o f  t h e  e x p e r i m e n t s ,  the  s o i l  i n  th e  c o n t a i n e r s  r e c e i v e d  a 
p r e p l a n t  a p p l i c a t i o n  o f  50 ppm o f  n i t r o g e n  a s  u r e a .  The m o i s t u r e  c o n ­
t e n t  o f  t h e  s o i l  in  each  c o n t a i n e r  was a d j u s t e d  to a p p r o x i m a t e l y  80% 
o f  f i e l d  c a p a c i t y  and m a i n t a i n e d  a t  t h i s  m o i s t u r e  c o n t e n t  by th e  d a i l y  
a d d i t i o n  o f  w a t e r .  Twelve  r i c e  s e e d s  w ere  p l a n t e d  i n  each  c o n t a i n e r .
One week a f t e r  e m e r g e n c e ,  t h e  p l a n t s  were  t h in n e d  t o  e i g h t  p l a n t s  per  
c o n t a i n e r .  Two weeks  a f t e r  em e r ge n c e ,  t h e  s o i l  in  the  c o n t a i n e r s  com­
p r i s i n g  the  f l o o d e d  t r e a t m e n t s  was submerged t o  a d e p th  o f  a p p r o x i r  
m a t e l y  2 cm w i t h  w a t e r .  One week l a t e r ,  t h e  depth  o f  th e  w a t e r  was 
i n c r e a s e d  to  a p p r o x i m a t e l y  6 cm and t h i s  d e p th  was m a i n t a i n e d  f o r  the  
d u r a t i o n  o f  t h e  e x p e r i m e n t .  The m o i s t u r e  c o n t e n t  o f  th e  s o i l  in  the  
c o n t a i n e r s  c o m p r i s i n g  n o n f l o o d e d  t r e a t m e n t s  was m a i n t a i n e d  a t  a p p r o x i ­
m a t e l y  80% o f  f i e l d  c a p a c i t y  by t h e  d a i l y  a d d i t i o n  o f  w a t e r .  Four
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weeks a f t e r  e m e r g e n c e ,  the r i c e  p l a n t s  in  a l l  o f  the  e x p e r im e n t s  were  
t o p - d r e s s e d  w i t h  u r e a  a t  a r a t e  e q u i v a l e n t  to  25 ppm o f  n i t r o g e n .
The p l a n t s  were  s p r a y e d  w i t h  an aqueous  s o l u t i o n  c o n t a i n i n g  fo rm a n i -
d i n e  to  c o n t r o l  s p i d e r  m i t e s  when th e  f i r s t  i n f e s t a t i o n  was o b s e r v e d .
The r i c e  p l a n t s  grown in  a l l  o f  the  e x p e r i m e n t s  were h a r v e s ­
ted  e i g h t  weeks  a f t e r  s e e d i n g .  The p l a n t s  were  c u t  a t  the  ground
l e v e l ,  p l a c e d  i n  c l o t h  b a g s ,  and d r i e d  i n  a f o r c e d  d r a f t  oven  f o r  36 
h ou r s  a t  60C. The p l a n t  m a t e r i a l  was w e ig h e d  and the  oven  d r i e d  
w e i g h t s  w ere  r e c o r d e d .  The p l a n t  m a t e r i a l  was then  ground in  a s t a i n ­
l e s s  s t e e l  W i le y  m i l l  t o  p a s s  a 20 mesh s c r e e n .  The ground p l a n t  
m a t e r i a l  was t h o r o u g h l y  mixed and s t o r e d  in  125 ml s c r e w  top g l a s s  
c o n t a i n e r s  f o r  f u t u r e  c h e m i c a l  a n a l y s i s .
I m m e d ia te ly  b e f o r e  the  c h e m i c a l  d e t e r m i n a t i o n s  were made, the  
p l a n t  m a t e r i a l  was d r i e d  i n  a c o n v e c t i o n  oven a t  60C to  remove any  
e x c e s s  m o i s t u r e  t h a t  may h a v e  a c c u m u la t e d  d u r i n g  sample  p r e p a r a t i o n  
and s t o r a g e .  The p l a n t  m a t e r i a l  was d i g e s t e d  in  a m i x t u r e  o f  c o n c e n ­
t r a t e d  n i t r i c  and p e r c h l o r i c  a c i d s  on a h o t  p l a t e  a c c o r d i n g  to the  
methods  and p r o c e d u r e s  r e p o r t e d  by Toth e t  a l .  ( 1 9 4 8 ) .  To i n s u r e  
the  p r e c i p i t a t i o n  o f  s i l i c a ,  5 ml o f  5 N HC1 were  added to  t h e  d i ­
g e s t e d  p l a n t  m a t e r i a l .  The d i g e s t e d  m a t e r i a l  was f i l t e r e d  through  
Whatman No. 40  f i l t e r  paper  to remove s i l i c a  and th e  f i l t r a t e  was d i ­
l u t e d  to a vo lume o f  100 ml w i t h  d i s t i l l e d  w a t e r .  A P e r k i n - E lm e r  
Model 303 a t o m i c  a b s o r p t i o n  s p e c t r o p h o t o m e t e r  was use d  to d e t e r m i n e  
th e  c o n c e n t r a t i o n  o f  p o t a s s i u m ,  c a l c i u m ,  magnesium, z i n c ,  i r o n ,  and 
manganese in  the  p l a n t  m a t e r i a l .  P hosphorus  was m easured  u s i n g  th e
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v a n a d o - m o ly b d a te  method as  d e s c r i b e d  by J a c k s o n  ( 1 9 5 8 ) .  The i n t e n s i t y  
o f  the y e l l o w  c o l o r  d e v e l o p e d  was measured on a Bausch and bomb Model 
20 S p e c t r o p h o t o m e t e r .
An e x p e r im e n t  was c o n d u c t e d  to s t u d y  the  e f f e c t s  o f  f l o o d i n g  
and a p p l i c a t i o n s  o f  z i n c  and l im e  on the  p r o d u c t i o n  o f  dry m a t t e r ,  the  
c h e m i c a l  c o m p o s i t i o n ,  and the  u p ta k e  o f  z i n c ,  i r o n ,  and manganese by 
S a t u r n  r i c e  p l a n t s  grown on a P a t o u t v i l l e  s i l t  loam s o i l  ( sam ple  no.  
2 6 ) .  Two w a t e r  r e g i m e s ,  f l o o d e d  and n o n f l o o d e d ;  f i v e  r a t e s  o f  l im e ,  
t h e  e q u i v a l e n t  o f  0 ,  1, 2, 3,  and 4 tons  p e r  a c r e ;  and two r a t e s  o f  
z i n c ,  5 ppm o f  z i n c  and no z i n c ,  were  i n c l u d e d  i n  a c o m p le t e  f a c t o r i a l  
e x p e r im e n t  w i t h  20 t r e a t m e n t  c o m b i n a t i o n s .  Four r e p l i c a t i o n s  o f  each  
o f  th e  20 t r e a t m e n t  c o m b i n a t i o n s  were  ar r a n g e d  in  a c o m p l e t e ,  random­
i z e d  b l o c k  d e s i g n .
Reagent  grade  c a l c i u m  c a r b o n a t e  was u s e d  as  the  s o u r c e  o f  l im e .  
The c a l c i u m  c a r b o n a t e  was t h o r o u g h l y  i n c o r p o r a t e d  i n t o  the  s o i l  by m ix ­
i n g .  A f t e r  i n c o r p o r a t i o n  o f  t h e  c a l c i u m  c a r b o n a t e ,  the m o i s t u r e  c o n ­
t e n t  o f  t h e  s o i l  was a d j u s t e d  to a p p r o x i m a t e l y  80% o f  f i e l d  c a p a c i t y  
and m a i n t a i n e d  a t  t h i s  m o i s t u r e  c o n t e n t  by d a i l y  a d d i t i o n  o f  w a t e r  f o r  
a p e r i o d  o f  t h r e e  w e e k s .  H ir e e  weeks  a f t e r  the  a d d i t i o n  o f  the  c a l c i u m  
c a r b o n a t e ,  r e a g e n t  grade  ZnSO^, a t  a r a t e  e q u i v a l e n t  to  5 ppm o f  Zn 
was a p p l i e d  to the s o i l  in  40  o f  t h e  c o n t a i n e r s .  The ZnSO^ was t h o r ­
o u g h l y  i n c o r p o r a t e d  i n t o  th e  s o i l  by m i x i n g .
The n i t r o g e n  f e r t i l i z a t i o n ,  t h e  s e e d i n g  r a t e ,  the  h a r v e s t i n g ,  
and the  p r o c e s s i n g  o f  th e  r i c e  p l a n t s  were  a c c o m p l i s h e d  in  the  manner  
p r e v i o u s l y  d e s c r i b e d .  The m o i s t u r e  c o n t e n t  o f  the s o i l  i n  the
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c o n t a i n e r s  o f  the  f l o o d e d  and n o n f l o o d e d  t r e a t m e n t s  was i n i t i a t e d  and 
m a i n t a i n e d  as  p r e v i o u s l y  d e s c r i b e d .
The se co n d  e x p e r im e n t  was c o n d u c t e d  to  s t u d y  the i n f l u e n c e  o f  
f l o o d i n g  on the  p r o d u c t i o n  o f  dry m a t t e r  and on the  c o n c e n t r a t i o n  and 
u p t a k e  o f  z i n c ,  i r o n ,  and manganese  by S a t u r n  r i c e  p l a n t s  grown on 
e i g h t  s o i l s .  Two w a t e r  r e g i m e s ,  f l o o d e d  and n o n f l o o d e d ,  and e i g h t  
s o i l s  were  i n c l u d e d  in  a c o m p le t e  f a c t o r i a l  e x p e r im e n t  w i t h  16 t r e a t ­
ment c o m b i n a t i o n s .  Three  r e p l i c a t i o n s  o f  each o f  the 16 t r e a t m e n t  
c o m b i n a t i o n s  were  ar r a n g e d  in  a c o m p l e t e ,  randomized b l o c k  d e s i g n .
The s o i l s  u se d  in  the  e x p e r im e n t  were:  G a l l i o n  s i l t  loam, sample no .
2 ,  H eb er t  s i l t  loam, sample  no .  4 ,  Norwood s i l t  loam, sample  n o .  8 ,  
two A c a d ia  s i l t  loams,  s am p le s  n o .  15 & 16 ,  two Crowley  s i l t  loams,  
s a m p le s  n o .  17 & 18 ,  and P a t o u t v i l l e  s i l t  loam, sample no .  26 .
The n i t r o g e n  f e r t i l i z a t i o n ,  s e e d i n g  r a t e ,  and the  h a r v e s t i n g  
and p r o c e s s i n g  o f  t h e  r i c e  p l a n t s  were  a c c o m p l i s h e d  in the  manner  
p r e v i o u s l y  d e s c r i b e d .  The m o i s t u r e  c o n t e n t  o f  t h e  s o i l  in  th e  c o n ­
t a i n e r s  o f  t h e  f l o o d e d  and th e  n o n f l o o d e d  t r e a t m e n t s  was i n i t i a t e d  
and m a i n t a i n e d  a s  p r e v i o u s l y  d e s c r i b e d .
The t h i r d  e x p e r im e n t  was c o n d u c t e d  to  s t u d y  the  e f f e c t s  o f  w a t e r  
t r e a t m e n t s  and a p p l i c a t i o n s  o f  MnC  ^ and ZnSO^ on the  p r o d u c t i o n  o f  dry  
m a t t e r  and on th e  c o n c e n t r a t i o n  and u p t a k e  o f  z i n c ,  i r o n ,  and mangan­
e s e  by S a tu r n  r i c e  p l a n t s  grown on Crowley s i l t  loam, sample  no .  18.
The e x p e r im e n t  c o n s i s t e d  o f  f o u r  r e p l i c a t i o n s  o f  s i x  t r e a t m e n t s  a r ­
ranged i n  a c o m p l e t e ,  randomized b l o c k  d e s i g n .  The t r e a t m e n t s  were:
( a )  n o n f l o o d e d ,  (b)  n o n f l o o d e d  and ZnSO^, ( c )  c o n t i n u o u s  f l o o d i n g ,
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(d)  c o n t i n u o u s  f l o o d i n g  and ZnSO^, ( e )  c o n t i n u o u s  f l o o d i n g  and MnC^, 
and ( f )  a l t e r n a t e  f l o o d i n g  and d r a i n i n g .
R eagent  gr a d e  ZnSO^, a t  a r a t e  e q u i v a l e n t  to 5 ppm o f  Zn, was 
t h o r o u g h l y  i n c o r p o r a t e d  i n t o  th e  s o i l  i n  e ac h  c o n t a i n e r  in t r e a t m e n t s
(b)  and (d)  . R eagent  grade  MnC^, a t  a  r a t e  e q u i v a l e n t  to  0 . 5 CZ> o f  the  
amount o f  dry s o i l  p e r  c o n t a i n e r ,  was t h o r o u g h l y  i n c o r p o r a t e d  i n t o  
t h e  s o i l  o f  each  o f  the  c o n t a i n e r s  i n  t r e a t m e n t  ( e ) .
The n i t r o g e n  f e r t i l i z a t i o n ,  th e  s e e d i n g  r a t e ,  and the  h a r v e s t ­
i n g  and p r o c e s s i n g  o f  th e  r i c e  p l a n t s  were  a c c o m p l i s h e d  i n  the  manner  
p r e v i o u s l y  d e s c r i b e d .  The m o i s t u r e  c o n t e n t  o f  t h e  s o i l  in  the c o n ­
t a i n e r s  i n c l u d e d  i n  t h e  f l o o d e d  and th e  n o n f l o o d e d  t r e a t m e n t s  was i n i ­
t i a t e d  and m a i n t a i n e d  a s  p r e v i o u s l y  d e s c r i b e d .  The s o i l  i n  the  c o n ­
t a i n e r s  i n c l u d e d  i n  t r e a t m e n t  ( f )  was f l o o d e d  two weeks  a f t e r  emergence  
o f  t h e  r i c e  p l a n t s .  Two weeks  a f t e r  th e  i n i t i a l  f l o o d i n g ,  th e  s o i l  in  
t h e  c o n t a i n e r s  was d r a i n e d  and th e  s o i l  m o i s t u r e  c o n t e n t  was m a i n t a i n e d  
a t  a p p r o x i m a t e l y  807„ o f  f i e l d  c a p a c i t y  f o r  one  week .  The s o i l  was then  
r e f l o o d e d  f o r  a n o t h e r  two week i n t e r v a l .  T h is  c y c l e  o f  a l t e r n a t e  f l o o d ­
i n g  and d r a i n i n g  was c o n t i n u e d  f o r  t h e  d u r a t i o n  o f  th e  e x p e r i m e n t .
The f o u r t h  e x p e r i m e n t  was c o n d u c t e d  t o  s t u d y  t h e  e f f e c t s  o f  a p ­
p l i c a t i o n s  o f  d i f f e r e n t  t y p e s  o f  o r g a n i c  m a t t e r  and z i n c  on the  p r o d u c ­
t i o n  o f  dry  m a t t e r  and on t h e  c o n c e n t r a t i o n  and u p t a k e  o f  z i n c ,  i r o n ,  
and manganese by S a t u r n  r i c e  p l a n t s  grown und er  f l o o d e d  c o n d i t i o n s  on 
Crow ley s i l t  loam, sample  n o .  21 .  The e x p e r im e n t  c o n s i s t e d  o f  f o u r  
r e p l i c a t i o n s  o f  f i v e  t r e a t m e n t s  a r r a n g e d  i n  a c o m p l e t e ,  randomized  
b l o c k  d e s i g n .  The t r e a t m e n t s  were:  (a )  c h e c k ,  (1 )  ground s o y b e a n
l e a v e s ,  ( c )  ground r i c e  s t r a w ,  (d)  a l p h a  c e l l u l o s e  powder and ( e )  ZnS0 4  
p o w d e r .
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The s o y b e a n  l e a v e s  and r i c e  s t r a w  were  ground i n  a s t a i n l e s s  
s t e e l  W i le y  m i l l  t o  p a s s  a 20 mesh s c r e e n .  The a l p h a  c e l l u l o s e  and 
the  z i n c  s u l p h a t e  were  r e a g e n t  grade  powdered m a t e r i a l s .
Four weeks  p r i o r  to  p l a n t i n g ,  20 grams each  o f  ground soyb e an  
l e a v e s ,  r i c e  s t r a w ,  and a l p h a  c e l l u l o s e  were  i n c o r p o r a t e d  i n t o  t h e  s o i l  
o f  each  o f  t h e  c o n t a i n e r s  i n c l u d e d  in  the  r e s p e c t i v e  t r e a t m e n t s .  N i ­
t r o g e n ,  a t  a r a t e  o f  50 ppm o f  N a s  u r e a  was a p p l i e d  to  t h e  s o i l  in  
each  o f  t h e  c o n t a i n e r s  i n c l u d e d  in  a l l  o f  t h e  t r e a t m e n t s .  The m o i s t u r e  
c o n t e n t  o f  the  s o i l  in  e ac h  c o n t a i n e r  was a d j u s t e d  and m a i n t a i n e d  a t  
a p p r o x i m a t e l y  80% o f  f i e l d  c a p a c i t y  by the  d a i l y  a d d i t i o n  o f  w a t e r  f o r  
f o u r  weeks  p r i o r  to  p l a n t i n g  the  r i c e  s e e d s .  I m m e d ia te ly  b e f o r e  p l a n t ­
i n g ,  r e a g e n t  gr ad e  ZnSO^, a t  a r a t e  e q u i v a l e n t  to  5 ppm o f  Zn, was i n ­
c o r p o r a t e d  i n t o  t h e  s o i l  i n  e ac h  o f  the  c o n t a i n e r s  i n c l u d e d  in  t r e a t m e n t
( e ) .
The a p p l i c a t i o n  o f  n i t r o g e n ,  u s e d  a s  a t o p d r e s s i n g ,  th e  s e e d i n g  
r a t e ,  and th e  h a r v e s t i n g  and p r o c e s s i n g  o f  t h e  p l a n t s  were  a c c o m p l i s h e d  
i n  t h e  manner p r e v i o u s l y  d e s c r i b e d .  The s o i l  i n  e ac h  c o n t a i n e r  was  
f l o o d e d  two weeks  a f t e r  e m ergence  o f  th e  r i c e  p l a n t s  and m a i n t a i n e d  in  
t h e  manner p r e v i o u s l y  d e s c r i b e d .
The f i f t h  e x p e r i m e n t  was c o n d u c t e d  to  d e t e r m in e  i f  t h e r e  were  
d i f f e r e n t i a l  r e s p o n s e s  to  t h e  a p p l i c a t i o n  o f  z i n c ,  by r i c e  v a r i e t i e s  
grown und er  f l o o d e d  c o n d i t i o n s  on Crowley  s i l t  loam, sample  no .  21 .
Three  s h o r t  g r a i n ,  t h r e e  medium g r a i n ,  and t h r e e  l o n g  g r a i n  v a r i e t i e s  
o f  r i c e  were  i n c l u d e d  i n  t h e  e x p e r i m e n t .  The t h r e e  s h o r t  g r a i n  v a r i e ­
t i e s  were:  C a l o r o ,  C a l u s a ,  and Taichung N a t i v e  # 1 .  The t h r e e  medium
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g r a i n  v a r i e t i e s  were:  V i s t a ,  S a t u r n ,  and I R -8 .  The t h r e e  l o n g  g r a i n
v a r i e t i e s  were:  Dawn, B l u e b e l l e ,  and S t a r b o n n e t .  A l l  o f  the  s e e d  o f
t h e  d i f f e r e n t  v a r i e t i e s  o f  r i c e  were  o b t a i n e d  from Mr. N e l s o n  Jodon  
a t  th e  R ic e  Exper iment  S t a t i o n  a t  C row ley ,  L o u i s i a n a .  The nine rice 
v a r i e t i e s  w i t h  two r a t e s  o f  z i n c ,  z i n c  and no z i n c ,  were included in  
a c o m p le t e  f a c t o r i a l  e x p e r im e n t  w i t h  18 t r e a t m e n t  c o m b i n a t i o n s .  Four  
r e p l i c a t i o n s  o f  e ac h  o f  th e  18 t r e a t m e n t  c o m b i n a t i o n s  were a r r a n g e d  
in  a c o m p l e t e ,  randomized b l o c k  d e s i g n .
R eagent  grade  ZnSO^, a t  a r a t e  e q u i v a l e n t  to  5 ppm o f  Zn, was  
t h o r o u g h l y  i n c o r p o r a t e d  i n t o  t h e  s o i l  in  each  o f  36 c o n t a i n e r s .  The 
n i t r o g e n  f e r t i l i z a t i o n ,  t h e  s e e d i n g  r a t e ,  t h e  f l o o d i n g  o f  the  s o i l  in  
t h e  c o n t a i n e r s ,  and the  h a r v e s t i n g  and p r o c e s s i n g  o f  the  p l a n t s  were  
a c c o m p l i s h e d  i n  t h e  manner p r e v i o u s l y  d e s c r i b e d .
The s i x t h  and f i n a l  e x p e r i m e n t  was c o n d u c t e d  to s t u d y  the  e f f e c t s  
o f  a p p l i c a t i o n s  o f  z i n c  on th e  p r o d u c t i o n  o f  dry  m a t t e r  and on t h e  c o n ­
c e n t r a t i o n  and u p t a k e  o f  z i n c ,  i r o n ,  and manganese  by S a t u r n  r i c e  
p l a n t s  grown u n d er  f l o o d e d  c o n d i t i o n s  on s o i l s  c o l l e c t e d  from d i f f e r ­
e n t  l o c a t i o n s  in  L o u i s i a n a .  The s o i l s  s e l e c t e d  r e p r e s e n t e d  f i v e  major  
a r e a s  o f  t h e  s t a t e  and t h e  t e x t u a l  c l a s s e s  ranged from f i n e  sandy  
loams to  c l a y  loa m s .  Two r a t e s  o f  z i n c ,  z i n c  and no z i n c ,  w i t h  29 
s o i l s  were i n c l u d e d  i n  a c o m p l e t e  f a c t o r i a l  e x p e r i m e n t  w i t h  58 t r e a t ­
ment c o m b i n a t i o n s .  Three  r e p l i c a t i o n s  o f  each o f  t h e  58 t r e a t m e n t  
c o m b i n a t i o n s  were  a r r a n g e d  i n  a c o m p l e t e ,  randomized b l o c k  d e s i g n .
Reagent  gr a d e  ZnSO^, a t  a r a t e  e q u i v a l e n t  t o  5 ppm o f  Zn, was 
i n c o r p o r a t e d  i n t o  th e  s o i l  i n  87 o f  t h e  c o n t a i n e r s .  The n i t r o g e n
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f e r t i l i z a t i o n ,  the  s e e d i n g  r a t e ,  the  f l o o d i n g  o f  th e  s o i l  in  the  c o n ­
t a i n e r s ,  and th e  h a r v e s t i n g  and p r o c e s s i n g  o f  the  p l a n t s  were accom­
p l i s h e d  in the  manner p r e v i o u s l y  d e s c r i b e d .
RESULTS AND DISCUSSION
The e x t r a c t a b l e  manganese ,  i r o n ,  and z i n c  c o n t e n t s  o f  the  
s o i l s  u s e d  i n  th e  g r e e n h o u s e  and l a b o r a t o r y  i n v e s t i g a t i o n s  a r e  p r e ­
s e n t e d  i n  T a b le  3.  The 1 N sodium  a c e t a t e  e x t r a c t a b l e  manganese  
c o n t e n t s  o f  t h e  s o i l s  ranged from a low o f  4  ppm i n  t h e  Ruston  f i n e  
sandy  loam, sample  no .  14 ,  to  a h i g h  o f  170 ppm i n  th e  Mowata s i l t  
loam, sample  no .  23 .  The 1 N sodium  a c e t a t e  e x t r a c t a b l e  i r o n  c o n ­
t e n t s  o f  th e  s o i l s  ranged from a low o f  4  ppm in  th e  Norwood s i l t  
loam, sample  no .  9 ,  and the  Yaho la  v e r y  f i n e  sandy  loam, sample  no .
10,  t o  a h i g h  o f  46  ppm i n  t h e  H eb er t  s i l t  loam, sample  n o .  3 .  The 
0 . 1  N HC1 e x t r a c t a b l e  z i n c  c o n t e n t s  o f  th e  s o i l s  ranged  from a low o f  
1 . 1  ppm i n  th e  Crowley  s i l t  loam, sample  n o .  2 1 ,  to  a h i g h  o f  1 0 . 1
ppm i n  the  Mowata s i l t  loam, sample  n o .  23 .
The r e l a t i v e l y  h i g h  c o n t e n t  o f  e x t r a c t a b l e  z i n c  found in  the  
Mowata s i l t  loam was due t o  an a p p l i c a t i o n  o f  z i n c  s u l p h a t e  t h a t  was 
made to  r i c e  p r i o r  t o  t h e  t ime o f  s o i l  sample  c o l l e c t i o n .  The r e l a ­
t i v e l y  h i g h  c o n t e n t  o f  z i n c  found in  the  Mhoon s i l t y  c l a y  loam, sample  
no .  1, may h a v e  b een  due to  r e s i d u a l  z i n c  r e s u l t i n g  from th e  i n c l u s i o n  
o f  z i n c  s u l p h a t e  i n  t h e  i n s e c t i c i d a l  s p r a y  f o r  c i t r u s .
Only two o f  t h e  s o i l s  i n c l u d e d  in  th e  i n v e s t i g a t i o n  were  c o n ­
s i d e r e d  to  be c r i t i c a l l y  low i n  e x t r a c t a b l e  z i n c  f o r  the  p r o d u c t i o n  o f  
r i c e .  The two Crowley s i l t  loam s o i l s ,  s a m p le s  n o .  18 and 21 ,  c o n ­
t a i n e d  1 . 2  and 1 . 1  ppm o f  z i n c ,  r e s p e c t i v e l y ,  and t h e s e  c o n t e n t s  o f
35
T a b le  3. The e x t r a c t a b l e  m anganese ,  i r o n ,  and z i n c  c o n t e n t s  o f  the  
s o i l  s am p le s  u s e d  in  g r e e n h o u s e  and l a b o r a t o r y  i n v e s t i g a -  
t ions .
Sample C o n c e n t r a t  ion
Number S o i l  Type Mn _1/ Fe 1 / Zn 2 /
ppm
- - - - -  M i s s i s s i p p i  R i v e r  A l l u v i a l  S o i l s -  - -  -  -  -
1 Mhoon s i c l  114 5 8 . 2
A l l u v i a l  S o i l s  o f  t h e  O u a c h i t a  & Arkansas  R i v e r s -  -
2 G a l l i o n  s i l  24 9 2 . 0
3 H e b e r t  s i l  21 46 1 . 7
4 H e b e r t  s i l  70 5 1 .6
5 H eb er t  s i l  137 8 3 . 9
6 P u l a s k i  v f s l  108 12 1 .5
7 Norwood s i l  30 5 2 . 7
8 Norwood s i l  39 6 2 . 9
9 Norwood s i l  12 4 2 . 0
10 Yahola  v f s l  31 4 3 . 9
11 Y ahola  v f s l  16 9 1 .5
12 Bowie f s l  12 13 2 . 7
13 Shubuta  f s l  55 6 2 . 0
14 Ruston  f s l  4  5 1 . 4
15 A c a d ia  s i l  22 5 2 . 2
16 A c a d ia  s i l  101 11 4 . 8
17 Crowley s i l  36 5 2 . 1
18 Crowley  s i l  69 5 1 . 2
19 Crowley s i l  56 6 1 . 4
20 Crowley s i l  81 19 3 . 9
21 Crowley  s i l  39 9 1 . 1
22 Morey s i l  10 8 1 . 9
23 Mowata s i l  170 39 1 0 .1
24 Bernard c l  17 32
( C o n t in u e d )
2 . 9
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T a b le  ( C o n t i n u e d ) .
Sample C o n c e n t r a t i o n
Numbe r S o i l  Type Mn 1 / Fe I f Zn 2 /
ppm
M i s s i s s i p p i  T e r r a c e s  & L o e s s i a l  S o i l s
25 P a t o u t v i l l e  s i l 105 12 1 .9
26 P a t o u t v i l l e  s i l 140 22 2 . 9
27 P a t o u t v i l l e  s i l 34 9 3 . 1
28 J e a n e r e t t e  s i l 93 7 3 . 9
29 J e a n e r e t t e  s i l 46 8 2 . 6
J_/ Manganese and i r o n  w ere  e x t r a c t e d  w i t h  1 N sodium  a c e t a t e ,  a d j u s t e d  
to  pH 4 . 5 .
2 /  Z in c  was e x t r a c t e d  w i t h  0 . 1  N HC1.
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ililuLe acid extractable zinc have been found to be marginal for the 
optimum yield of rice. Zinc deficiency in rice grown on Prairie soils 
in Louisiana has been reported under field conditions when the zinc 
content of the soil, determined by extracting the soil with 0.1 N 
HC1, was 1.2 ppm or below (Sedberry et al., 1971). Soil test cali­
bration data for zinc is not available for rice and other row crops 
grown on the alluvial soils of the Mississippi River, the Ouachita 
and Arkansas Rivers, and the Red River and soils comprising areas in 
the Coastal Plains and Flatwoods and soils of the Mississippi Terraces 
and Loessial Hills.
S t a t i s t i c a l l y  s i g n i f i c a n t  n e g a t i v e  r e l a t i o n s h i p s  were  found b e ­
tween p e r c e n t  b a s e  s a t u r a t i o n  and e x t r a c t a b l e  m anganese ,  r = - 0 . 4 2 1 ,  
and b e tw een  p e r c e n t  b a s e  s a t u r a t i o n  and e x t r a c t a b l e  i r o n ,  r = - 0 . 4 2 3 .  
The p e r c e n t  b a s e  s a t u r a t i o n  was n o t  s i g n i f i c a n t l y  r e l a t e d  to  t h e  e x ­
t r a c t a b l e  z i n c  c o n t e n t  o f  t h e  s o i l s .  S o i l  r e a c t i o n  (pH) was n e g a ­
t i v e l y  r e l a t e d  to  t h e  e x t r a c t a b l e  i r o n  c o n t e n t ,  r = - 0 . 5 2 2 ,  o f  the  
s o i l s .  S o i l  r e a c t i o n  was n o t  s i g n i f i c a n t l y  r e l a t e d  to  e i t h e r  th e  e x ­
t r a c t a b l e  manganese  c o n t e n t ,  o r  t o  t h e  e x t r a c t a b l e  z i n c  c o n t e n t  o f  
the  s o i l s .  A s t a t i s t i c a l l y  s i g n i f i c a n t  p o s i t i v e  r e l a t i o n s h i p  was c a l ­
c u l a t e d  b e tw e e n  the  e x t r a c t a b l e  z i n c  and e x t r a c t a b l e  manganese  c o n ­
t e n t s  o f  the  s o i l s ,  r = 0 . 6 0 9 .  The e x t r a c t a b l e  z i n c  c o n t e n t  o f  the  
s o i l s  was a l s o  r e l a t e d  to  th e  c a t i o n  e x c h a n g e  c a p a c i t y ,  r = 0 . 5 6 2 .
A s t a t i s t i c a l l y  s i g n i f i c a n t  p o s i t i v e  r e l a t i o n s h i p  was found to  e x i s t  
betw een  the  e x t r a c t a b l e  z i n c  c o n t e n t  and t h e  e x t r a c t a b l e  phosp horus  
c o n t e n t ,  r = 0 . 4 9 5 ,  and b e tw e e n  t h e  e x t r a c t a b l e  z i n c  c o n t e n t  and the  
e x t r a c t a b l e  p o t a s s i u m  c o n t e n t ,  r = 0 . 7 0 1 ,  o f  th e  s o i l s .
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The e f f e c t s  o f  f l o o d i n g  and a p p l i c a t i o n s  o f  z i n c  and l ime on 
th e  p r o d u c t i o n  o f  dry m a t t e r  and on t h e  c o n c e n t r a t i o n  and the uptak e  
o f  z i n c ,  i r o n ,  and manganese  by S a t u r n  r i c e  p l a n t s  grown on P a t o u t -  
v i l l e  s i l t  loam, sample no .  26 ,  a r e  p r e s e n t e d  in  T ab le  4 and in Fig­
u r e s  1, 2 ,  3 ,  4 ,  5 ,  6 ,  and 7.
The d a t a  p r e s e n t e d  i n  Tab le  4 and F i g u r e  1 i n d i c a t e d  t h a t  the  
amount o f  dry  m a t t e r  produced und er  f l o o d e d  s o i l  c o n d i t i o n s  was s i g n i ­
f i c a n t l y  g r e a t e r  than t h a t  produced  under  n o n f l o o d e d  s o i l  c o n d i t i o n s .  
The o b s e r v e d  i n c r e a s e  i n  th e  amount o f  dry m a t t e r  produced as  a r e s u l t  
o f  f l o o d i n g  i s  in  agr e em e n t  w i t h  r e s u l t s  r e p o r t e d  by Chaudhry and 
McLean ( 1 9 6 3 )  and S e n e w i r a t n e  and M ik k e l s e n  ( 1 9 6 1 ) .
The d a t a  i n d i c a t e  t h a t ,  i n  g e n e r a l ,  t h e  a p p l i c a t i o n  o f  l im e  
t en ded  to re d u c e  t h e  amount o f  dry  m a t t e r  produced  by the  r i c e  p l a n t s .  
Under both  f l o o d e d  and n o n f l o o d e d  s o i l  c o n d i t i o n s ,  w i t h  and w i t h o u t  
th e  a p p l i c a t i o n  o f  z i n c ,  the  a p p l i c a t i o n  o f  i n c r e a s i n g  r a t e s  o f  l im e  
tended to r e s u l t  i n  a p r o g r e s s i v e  d e c r e a s e  i n  t h e  amount o f  dry m a t t e r  
produced by t h e  r i c e  p l a n t s .  Under n o n f l o o d e d  s o i l  c o n d i t i o n s ,  th e  
m agn itu d e  o f  th e  r e d u c t i o n  i n  t h e  amount o f  dry m a t t e r  produced was n o t  
a s  g r e a t  as  t h a t  o b s e r v e d  und er  f l o o d e d  s o i l  c o n d i t i o n s .  The o b s e r v e d  
i n f l u e n c e  o f  th e  a p p l i c a t i o n  o f  l im e  on the  p r o d u c t i o n  o f  dry  m a t t e r  
produced by r i c e  p l a n t s  i s  c o n s i s t e n t  w i t h  t h e  r e s u l t s  r e p o r t e d  by  
Khan (1969 )  .
The e f f e c t  o f  a p p l i c a t i o n s  o f  z i n c  on the  p r o d u c t i o n  o f  dry m at­
t e r  by the  r i c e  p l a n t s  i s  p r e s e n t e d  i n  T a b le  4 and F i g u r e  1.  The d a t a  
i n d i c a t e d  t h a t  the  i n f l u e n c e  o f  a p p l i c a t i o n s  o f  z i n c  on the  p r o d u c t i o n
Table  4 ,  The e f f e c t s  o f  f l o o d i n g  and a p p l i c a t i o n s  o f  z in c  and l ime on the p r o d u c t io n  o f  dry m a t t e r  
and the  c o n c e n t r a t i o n  and the uptake  o f  z i n c ,  i r o n ,  and manganese by Saturn  r i c e  p l a n t s  
grown on P a t o u t v i l l e  s i l t  loam.
Treatments Dry C o n c e n t r a t i o n Uptake
F l o o d i n g  Zinc  .1/ M a tte r Zn Fe Mn Zn Fe Mn
g / p o t  - - -  - -ppm- - - - - - - - - mg/pot
- - -  - No l im e ,  pH 4 . 6 - - - - - -  - - - - - - - - - - -
F looded Zn 1 2 .4 148 147 4311 1 .8 3 1 .8 2 5 3 .4 6
No Zn 1 0 .5 95 141 4969 1 .0 0 1 .49 5 2 . 1 7
Non f lo o d e d Zn 7 . 6 210 116 3020 1 .6 7 0 . 8 8 2 2 .9 6
No Zn 6 . 8 131 121 2782 0 . 8 9 0 . 8 5 1 8 .9 2
1 ton o f  l im e ,  pH 5 . 5
Flooded Zn 8 . 2 115 167 2457 0 . 9 4 1 .37 2 0 . 1 5
No Zn 7 . 0 72 167 2980 0 . 5 1 1 .17 2 0 .8 6
Not. f l o o d e d Zn 5 . 3 133 87 1164 0 . 7 1 0 . 4 6 6 . 1 7
No Zn 5 . 1 83 124 1545 0 . 4 2 0 . 6 3 7 .8 8
......................... 2 tons  o f  l im e , pH 6 . 0 -
F looded Zn 7 . 0 89 169 2046 0 . 6 2 1 .19 1 4 .3 2
No Zn 5 . 9 69 165 2676 0 . 4 1 0 .9 7 1 5 .7 9
Nonflooded Zn 5 . 2 74 83 804 0 .3 9 0 . 4 3 4 . 1 8
No Zn 4 . 4 64 113 989 0 . 2 8 0 . 5 0 4 . 3 5
(Cont in ued)
Tab le  (Cont in ued)
Zinc
Dry Concentration Uptake
Flooding Matter Zn Fe Mn Zn Fe Mn
g / p o t  -  - -  -  -ppm- - - - -  - - - - m g /p o t -  -
-3 tons of 1 ime, pH 6. 5-
Flooded Zn 5 . 1 107 155 6900 0 . 5 5 0 .  79 3 5 .1 9
No Zn 6 . 2 61 167 6235 0 . 3 8 1 .0 4 3 8 .6 6
Nonflooded Zn 3 . 7 52 95 5673 0 . 2 7 0 . 3 5 2 0 .9 9
No Zn 4 . 1 48 111 6878 0 . 2 0 0 . 4 6 2 8 .2 0
-4 tons of lime, pH 6,,9 -
Flooded Zn 4 . 9 88 152 5302 0 . 4 3 0 . 7 5 2 5 .9 8
No Zn 5 . 2 62 171 4692 0 . 3 2 0 . 8 9 2 4 . 4 0
Nonflooded Zn 3 . 8 62 90 4245 0 . 2 4 0 .3 4 1 5 .1 3
No Zn 3 . 4 44 97 5559 0 . 1 5 0 . 3 3 1 8 .9 0
LSD, 5% 0 . 8  8 18 318 0 . 1 1  0 . 1 6
1 /  Zinc  was added a t  a r a t e  e q u i v a l e n t  to  5 ppm o f  Zn as  ZnSO^.
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' i g u r e  i .  The e f f e c t s  o f  f l o o d i n g  and a p p l i c a t  i e n s  o f  z i n c  and l i m e  -n t h e  p r o d u c t i o n  of
d r y  m a t t e r  by S a t u r n  r i c e  p l a n t s  g rown on P a t o u t v i l l e  s i l t  l oam.
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o f  dry m a t t e r  depended on the  f l o o d i n g  t r e a t m e n t  and the amount o f  
l im e  added.  At the  0 ,  1, and 2 ton r a t e s  o f  l i m e ,  under  f l o o d e d  s o i l  
c o n d i t i o n s ,  th e  a p p l i c a t i o n  o f  z i n c  r e s u l t e d  in  a s t a t i s t i c a l l y  s i g n i ­
f i c a n t  i n c r e a s e  in  the  amount o f  dry  m a t t e r  produced by the  r i c e  
p l a n t s .  At th e  3 ton  l im e  r a t e ,  under  f l o o d e d  s o i l  c o n d i t i o n s ,  the  
a p p l i c a t i o n  o f  z i n c  r e s u l t e d  i n  a s i g n i f i c a n t  d e c r e a s e  i n  the  amount  
o f  dry  m a t t e r  produced when compared to  t h a t  produced under  s i m i l a r  
c o n d i t i o n s  w i t h o u t  the  a p p l i c a t i o n  o f  z i n c .  The a p p l i c a t i o n  o f  z i n c  
to  the  s o i l  t h a t  r e c e i v e d  4 to n s  o f  l im e  per  a c r e  c au se d  a r e d u c t i o n  
in the amount o f  dry m a t t e r  produced  by t h e  r i c e  p l a n t s .  However,  the  
r e d u c t i o n  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  Under n o n f l o o d e d  s o i l  
c o n d i t i o n s ,  t h e  a p p l i c a t i o n  o f  z i n c  r e s u l t e d  in  a s i g n i f i c a n t  i n c r e a s e  
i n  t h e  amount o f  dry m a t t e r  produced  by t h e  p l a n t s  grown on the  unl imed  
s o i l  and the  s o i l  t h a t  r e c e i v e d  2 t o n s  o f  l im e  p e r  a c r e .  The i n f l u e n c e  
o f  a p p l i c a t i o n s  o f  z i n c  a t  th e  1, 3 ,  and 4 ton r a t e s  o f  l im e  v a r i e d  from 
a s l i g h t  i n c r e a s e  to  a s l i g h t  d e c r e a s e  i n  t h e  amount o f  dry m a t t e r  p r o ­
duced by t h e  r i c e  p l a n t s  grown und er  n o n f l o o d e d  s o i l  c o n d i t i o n s .  How­
e v e r ,  none o f  th e  d i f f e r e n c e s  o b t a i n e d  a t  t h e s e  l im e  r a t e s  were  s t a t i s ­
t i c a l l y  s i g n i f i c a n t .
On the u n l im ed  s o i l ,  under  bo th  f l o o d e d  and n o n f l o o d e d  s o i l  c o n ­
d i t i o n s ,  t h e  amount o f  dr y  m a t t e r  produced  by the  r i c e  p l a n t s  was 
s i g n i f i c a n t l y  i n c r e a s e d  by  the a p p l i c a t i o n  o f  z i n c .  A p p a r e n t l y ,  the  
P a t o u t v i l l e  s o i l  d i d  n o t  p o s s e s s  th e  n e c e s s a r y  z i n c  s u p p l y i n g  c a p a c i t y  
to p r ov id e  a s u f f i c i e n t  amount o f  z i n c  f o r  optimum growth o f  the  r i c e  
p l a n t s .  The a p p l i c a t i o n  o f  z i n c  a t  t h e  1, 2 ,  3 ,  and 4 ton r a t e s  o f
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l ime d id  not  i n c r e a s e  Che growth o f  the  r i c e  p l a n t s  to th e  l e v e l  a t ­
ta i n e d  where no l im e  was a p p l i e d .  T h is  s u g g e s t e d  t h a t  the d e t r i m e n ­
t a l  e f f e c t  o f  a p p l i c a t i o n s  o f  l im e  on the  p r o d u c t i o n  o f  dry m a t t e r  
c a n n o t  be s i n g u l a r l y  a t t r i b u t e d  to  th e  p o s s i b l e  i n f l u e n c e  o f  l ime on 
th e  uptak e  o f  z i n c  by the  r i c e  p l a n t s .  I f  such  had been the  c a s e ,  the  
a p p l i c a t i o n  o f  z i n c  s h o u l d  have  n e g a t e d  the  i n f l u e n c e  o f  l ime on the  
p r o d u c t i o n  o f  dr y  m a t t e r .
The d a t a  p r e s e n t e d  i n  T ab le  4 and in  F i g u r e  2 i n d i c a t e d  t h a t  
the  i n f l u e n c e  o f  f l o o d i n g  on t h e  c o n c e n t r a t i o n  o f  z i n c  in  the  r i c e  
p l a n t s  depended on the  r a t e  o f  l im e  a p p l i e d .  On th e  u n l im ed  s o i l  and 
the  s o i l  t h a t  r e c e i v e d  1 ton  o f  l i m e ,  w i t h  and w i t h o u t  th e  a p p l i c a t i o n  
o f  z i n c ,  f l o o d i n g  t ended  to d e c r e a s e  the  c o n c e n t r a t i o n  o f  z i n c  in the  
r i c e  p l a n t s .  At the  2,  3 ,  and 4 ton  l im e  r a t e s ,  t h e  c o n c e n t r a t i o n  o f  
z i n c  was h i g h e r  i n  th e  p l a n t s  grown on th e  f l o o d e d  s o i l  than i t  was in  
p l a n t s  grown on th e  n o n f l o o d e d  s o i l .  However,  a s  i n d i c a t e d  by the  
d a t a  p r e s e n t e d  in  F i g u r e  3 ,  the  t o t a l  u p t a k e  o f  z i n c  by th e  r i c e  p l a n t s  
grown under  f l o o d e d  s o i l  c o n d i t i o n s  was g r e a t e r  than t h a t  o f  the p l a n t s  
grown under  n o n f l o o d e d  s o i l  c o n d i t i o n s .  The g r e a t e r  u p t a k e  o f  z i n c  can  
be a t t r i b u t e d  to  t h e  i n c r e a s e d  dr y  m a t t e r  p r o d u c t i o n  by the p l a n t s  
grown under  f l o o d e d  c o n d i t i o n s .
The d a t a  p r e s e n t e d  i n  T ab le  4 and F i g u r e s  2 and 3 i n d i c a t e d  t h a t ,  
in g e n e r a l ,  t h e  a p p l i c a t i o n  o f  l im e  redu c e d  b o th  the  c o n c e n t r a t i o n  and 
the  u p t a k e  o f  z i n c  by th e  r i c e  p l a n t s .  The m a g n i tu d e  o f  r e d u c t i o n  in  
t h e  z i n c  c o n c e n t r a t i o n s  o f  the  p l a n t s  grown un d er  n o n f l o o d e d  s o i l  c o n ­
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F i g u r e  2.  The e f f e c t s  o f  f l o o d i n g  and  a p p l i c a t i o n s  o f  z i n c  and i i :
z i n c  i n  S a t u r n  r i c e  p l a n t s  g rown on P a t e n t vi  1 l e  s i l t  l oam.
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F i g u r e  ].  The e f f e c t s  o f  f l o o d i n g  and a p p l i c a t i o n s  o f  z i n c  and l i n e  ^n t h e  u p t a k
by S a t u r n  r i c e  p l a n t s  g r own  on P a t o u t v i l l e  s i l t  l o a n .
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f loodc'd s o i l  c o n d i t i o n s .  The u p ta k e  o f  z i n c  was c o n s i s t e n t l y  and 
p r o g r e s s i v e l y  reduced  by the  a p p l i c a t i o n  o f  i n c r e a s i n g  r a t e s  o f  l im e .  
However,  n o t  a l l  th e  d i f f e r e n c e s  were  s t a t i s t i c a l l y  s i g n i f i c a n t .
With one e x c e p t i o n ,  the  a p p l i c a t i o n  o f  z i n c  r e s u l t e d  in  a s i g ­
n i f i c a n t  i n c r e a s e  i n  the  c o n c e n t r a t i o n  o f  z i n c  i n  the  r i c e  p l a n t s .
The z i n c  c o n c e n t r a t i o n  i n  t h e  p l a n t s  grown a t  th e  3 ton r a t e  o f  l i m e ,  
on the  n o n f l o o d e d  s o i l ,  was n o t  s i g n i f i c a n t l y  i n c r e a s e d  by the  a p p l i ­
c a t i o n  o f  z i n c .  No e x p l a n a t i o n  can  be o f f e r e d  as  to  why th e  a p p l i ­
c a t i o n  o f  z i n c  d i d  n o t  r e s u l t  i n  a s i g n i f i c a n t  i n c r e a s e  i n  the  
c o n c e n t r a t i o n  o f  z i n c  i n  t h e  p l a n t s  grown und er  n o n f l o o d e d  c o n d i t i o n s  
a t  t h e  3 ton  r a t e  o f  l i m e .  With  two e x c e p t i o n s ,  th e  a p p l i c a t i o n  o f  
z i n c  r e s u l t e d  i n  a s i g n i f i c a n t  i n c r e a s e  i n  the u p t a k e  o f  z i n c  by the  
r i c e  p l a n t s .  The u p t a k e  o f  z i n c  by t h e  p l a n t s  grown a t  the  3 ton and 
t h e  4 ton r a t e s  o f  l i m e ,  on the n o n f l o o d e d  s o i l ,  was not  s i g n i f i c a n t l y  
i n c r e a s e d  by t h e  a p p l i c a t i o n  o f  z i n c .
As shown by t h e  d a t a  p r e s e n t e d  i n  T a b le  4 and F i g u r e s  4 and 5,  
t h e  c o n c e n t r a t i o n  and t h e  u p t a k e  o f  i r o n  by  t h e  r i c e  p l a n t s  grown on
t h e  f l o o d e d  s o i l  w ere  s i g n i f i c a n t l y  g r e a t e r  than t h a t  o f  t h e  p l a n t s
grown on t h e  n o n f l o o d e d  s o i l .  The o b s e r v e d  i n f l u e n c e  o f  f l o o d i n g  on 
the c o n c e n t r a t i o n  and th e  u p t a k e  o f  i^on  by r i c e  p l a n t s  i s  c o n s i s t e n t
w i t h  r e s u l t s  r e p o r t e d  by S e n e w i r a t n e  and M i k k e l s e n  ( 1 9 6 1 ) ,  and Chaudhry
and McLean ( 1 9 6 3 ) .
The d a t a  p r e s e n t e d  i n  T a b le  4  and F i g u r e  4 i n d i c a t e d  t h a t  the  
i n f l u e n c e  o f  l im e  on t h e  c o n c e n t r a t i o n  o f  i r o n  in  th e  r i c e  p l a n t s  d e ­
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F i g u r e  5.  The e f f e c t s  o f  f l o o d i n g  and a p p l i c a t i o n s  o f  z i n c  and l i me  . n the- u p t a k e  ■1f i r o n
by S a t u r n  r i c e  p l a n t s  g rown on P a t o u t v i l l e  s i l t  l oam.
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w i tli and w i t h o u t  the  a p p l i c a t i o n  o f  z i n c ,  the  a p p l i c a t i o n  o f  1 ton o f  
l ime r e s u l t e d  i n  a s i g n i f i c a n t  i n c r e a s e  i n  th e  c o n c e n t r a t i o n  o f  i r o n  
in the p l a n t s .  However,  the  a p p l i c a t i o n  o f  2 ,  3 ,  and 4 ton r a t e s  o f  
l im e  d i d  n o t  r e s u l t  i n  a f u r t h e r  s i g n i f i c a n t  i n c r e a s e  in  the c o n c e n t r a ­
t i o n  o f  i r o n  in  th e  p l a n t s .  On the  n o n f l o o d e d  s o i l  where z i n c  was a p ­
p l i e d ,  the c o n c e n t r a t i o n  o f  i r o n  in  the  p l a n t s  was s i g n i f i c a n t l y  reduced  
by the  a p p l i c a t i o n  o f  1 ton o f  l i m e .  However,  t h e  a p p l i c a t i o n  o f  the  
2,  3 ,  and 4 ton r a t e s  o f  l im e  d i d  n o t  c a u s e  a f u r t h e r  s i g n i f i c a n t  r e d u c ­
t i o n  in  th e  c o n c e n t r a t i o n  o f  i r o n  i n  the  p l a n t s  grown on the  n o n f l o o d e d  
s o i l  t h a t  had r e c e i v e d  a p p l i c a t i o n s  o f  z i n c .  On th e  n o n f l o o d e d  s o i l  
when z i n c  was n o t  a p p l i e d ,  the  c o n c e n t r a t i o n  o f  i r o n  in  the p l a n t s  
t ended  to  be p r o g r e s s i v e l y  reduced  by t h e  a p p l i c a t i o n  o f  i n c r e a s i n g  
r a t e s  o f  l i m e .  However,  a l l  o f  the  d i f f e r e n c e s  were  n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t .  The d a t a  p r e s e n t e d  in  F i g u r e  5 i n d i c a t e d  t h a t  t h e  a p p l i c a ­
t i o n  o f  i n c r e a s i n g  r a t e s  o f  l im e  tended to  r e s u l t  i n  a p r o g r e s s i v e  d e ­
c r e a s e  i n  th e  u p t a k e  o f  i r o n  by t h e  r i c e  p l a n t s  grown on the  f l o o d e d  
and n o n f l o o d e d  s o i l  w i t h  and w i t h o u t  th e  a p p l i c a t i o n  o f  z i n c .
The d a t a  p r e s e n t e d  i n  T ab le  4 and F i g u r e s  4 and 5 i n d i c a t e d  t h a t  
th e  i n f l u e n c e  o f  a p p l i c a t i o n s  o f  z i n c  on t h e  c o n c e n t r a t i o n  and u p ta k e  o f  
i r o n  i n  the  r i c e  p l a n t s  a ppeared  to  depend on the  l im e  and the  f l o o d i n g  
t r e a t m e n t s .  Where t h e  a p p l i c a t i o n  o f  z i n c  e x e r t e d  a s i g n i f i c a n t  i n f l u ­
e n c e ,  the  i r o n  c o n c e n t r a t i o n  was s i g n i f i c a n t l y  r e d u c e d .  The i n f l u e n c e  
o f  a p p l i c a t i o n s  o f  z i n c  v a r i e d  from a s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e  
to  a s i g n i f i c a n t  d e c r e a s e  i n  the  u p t a k e  o f  i r o n .  The d a t a  i n d i c a t e d  
t h a t  the  i n f l u e n c e  o f  a p p l i c a t i o n s  o f  z i n c  on t h e  u p t a k e  o f  i r o n  by the
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r i c e  p l a n t s  grown under  f l o o d e d  c o n d i t i o n s ,  appeared  to  f o l l o w  a t re n d .  
On th e  un l imed  s o i l  and th e  s o i l  t h a t  r e c e i v e d  an a p p l i c a t i o n  o f  1 and 
2 tons  o f  l i m e ,  t h e  a p p l i c a t i o n  o f  z i n c  r e s u l t e d  in  a s i g n i f i c a n t  i n ­
c r e a s e  in  the  u p ta k e  o f  i r o n  by th e  p l a n t s  grown under  f l o o d e d  c o n d i ­
t i o n s .  At t h e  3 and 4 ton r a t e s  o f  l i m e ,  th e  a p p l i c a t i o n  o f  z i n c  
r e s u l t e d  i n  a d e c r e a s e  in  the  u p t a k e  o f  i r o n  by the  r i c e  p l a n t s  grown 
on f l o o d e d  s o i l .  The a p p l i c a t i o n  o f  z i n c  to  t h e  n o n f l o o d e d  s o i l  t h a t  
r e c e i v e d  1 ton  o f  l im e  r e s u l t e d  in  a s i g n i f i c a n t  d e c r e a s e  in  the u p ta k e  
o f  i r o n  by t h e  r i c e  p l a n t s .  Under n o n f l o o d e d  c o n d i t i o n s ,  the  z i n c  
t r e a t m e n t  had no s i g n i f i c a n t  e f f e c t  on t h e  u p t a k e  o f  i r o n  by th e  p l a n t s  
grown on t h e  u n l im e d  s o i l  and on th e  s o i l  t h a t  r e c e i v e d  2, 3 ,  and 4 
to n s  o f  l i m e .
The d a t a  p r e s e n t e d  in  T a b le  4 and F i g u r e s  6 and 7 i n d i c a t e d  t h a t  
f l o o d i n g  the  s o i l  t ended  t o  i n c r e a s e  t h e  c o n c e n t r a t i o n  and th e  up tak e  
o f  manganese  by th e  r i c e  p l a n t s .  With two e x c e p t i o n s ,  t h e  c o n c e n t r a t i o n  
o f  manganese  i n  the  r i c e  p l a n t s  grown on the  f l o o d e d  s o i l  was s i g n i f i ­
c a n t l y  g r e a t e r  than t h a t  i n  th e  p l a n t s  grown on the  n o n f l o o d e d  s o i l .
At t h e  3 and 4 ton  r a t e s  o f  l im e  where  no z i n c  had been  a p p l i e d ,  the  
c o n c e n t r a t i o n s  o f  manganese  i n  th e  p l a n t s  grown on  the  n o n f l o o d e d  s o i l  
were s i g n i f i c a n t l y  g r e a t e r  than t h a t  o f  p l a n t s  grown on f l o o d e d  s o i l .  
However,  t h e  u p t a k e  o f  manganese by th e  r i c e  p l a n t s  was s i g n i f i c a n t l y  
i n c r e a s e d  by f l o o d i n g  a t  a l l  r a t e s  o f  l im e  and b o th  l e v e l s  o f  z i n c .
The d a t a  i n  T ab le  4 and F i g u r e s  6 and 7 i n d i c a t e d  t h a t  the  a p ­
p l i c a t i o n s  o f  1 and 2 t o n s  o f  l im e  p e r  a c r e  d e c r e a s e d  th e  c o n c e n t r a t i o n  
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F i g u r e  6 .  The e f f e c t s  o f  f l o o d i n g  and  a p p l i c a t i o n s  o f  z i n c  and l i m e  on t h e  c c n c e n t r a t i o n  o f
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F i g u r e  7.  The e f f e c t s  o f  f l o o d i n g  and a p p l i c a t i o n s  o f  z i n c  and l i n e  on t
m a n g a n e s e  by S a t u r n  r i c e  p l a n t s  g rown on P a t o u t v i l l e  s i l t  l o a n .
4 Tons
h e  u p t a k e  r f
s o i l  i r r e s p e c t i v e  to  t h e  a p p l i c a t i o n  o f  z i n c .  However,  when the  s o i l  
r e a c t i o n  was a d j u s t e d  to  pH 6 . 5  and pH 6 . 9 ,  f o l l o w i n g  a p p l i c a t i o n s  o f  
3 and 4 tons  o f  l im e  per  a c r e ,  the  c o n c e n t r a t i o n  and u p t a k e  o f  mangan 
e s e  by the r i c e  p l a n t s  were  s i g n i f i c a n t l y  i n c r e a s e d .  These  r e s u l t s  
i n d i c a t e  t h a t  a d j u s t i n g  th e  s o i l  r e a c t i o n  o f  the  P a t o u t v i l l e  s i l t  
loam from pH 6 . 0  t o  pH 6 . 5  and pH 6 . 9  i n c r e a s e d  the  " a v a i l a b i l i t y "  o f  
i n d i g e n o u s  s o i l  manganese  to  t h e  r i c e  p l a n t s .  These  d a t a  a r e  in  a g r e  
ment w i t h  t h o s e  o b t a i n e d  by J o n e s  ( 1 9 5 6 ) .  He r e p o r t e d  f i n d i n g  a 
g r e a t e r  c o n c e n t r a t i o n  and u p t a k e  o f  manganese by o a t  p l a n t s  grown on 
s o i l  t h a t  had r e c e i v e d  a p p l i c a t i o n s  o f  l i m e .  L e e p e r  ( 1 9 7 0 ) ,  i n  h i s  
d i s c u s s i o n  o f  the e f f e c t  o f  pH on manganese a v a i l a b i l i t y  r e p o r t e d  
t h a t  r a i s i n g  t h e  pH o f  t h e  s o i l  by th e  a p p l i c a t i o n  o f  l i m e  i s  some­
t im es  recommended a s  a p r a c t i c a l  s t e p  in  i n c r e a s i n g  the  a v a i l a b i l i t y  
o f  manganese  in  s o i l s .
The e f f e c t s  o f  a p p l i c a t i o n s  o f  z i n c  on the  c o n c e n t r a t i o n s  o f  
manganese i n  the  r i c e  p l a n t s  i s  shown in  T a b le  4 and F i g u r e  6.  The 
d a t a  i n d i c a t e d  t h a t  t h e  e f f e c t s  o f  a p p l i c a t i o n s  o f  z i n c  on t h e  c o n ­
c e n t r a t i o n s  o f  manganese in  the  p l a n t s  depended on b o t h  t h e  f l o o d i n g  
and the  l im e  t r e a t m e n t s .  At r a t e s  o f  l im e  o f  1 and 2 t o n s  p e r  a c r e ,  
the a p p l i c a t i o n  o f  z i n c  t en ded  to r e d u c e  t h e  c o n c e n t r a t i o n  o f  mangan­
e s e  in  the p l a n t s  grown on t h e  f l o o d e d  and the  n o n f l o o d e d  s o i l .  At  
th e  3 and 4 ton r a t e s  o f  l i m e ,  under  f l o o d e d  s o i l  c o n d i t i o n s ,  the  
a p p l i c a t i o n  o f  z i n c  r e s u l t e d  i n  a s i g n i f i c a n t  i n c r e a s e  in  the  mangan­
e s e  c o n c e n t r a t i o n s  o f  t h e  p l a n t s .  However,  a t  th e  3 and 4 ton  r a t e s  
o f  l i m e ,  th e  a p p l i c a t i o n  o f  z i n c  r e s u l t e d  in  a s i g n i f i c a n t  d e c r e a s e
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in  the  manganese c o n c e n t r a t i o n  o f  t h e  r i c e  p l a n t s  grown on th e  non­
f l o o d e d  s o i l .  These  d a t a  i n d i c a t e d  t h a t  a t  the  3 and 4 ton r a t e s  o f  
l i m e ,  the  f l o o d i n g  t r e a t m e n t s  p l a y e d  a s i g n i f i c a n t  r o l e  in  the i n f l u ­
e n c e  o f  a p p l i c a t i o n s  o f  z i n c  on the  c o n c e n t r a t i o n  o f  manganese in the  
r i c e  p l a n t s .
The i n f l u e n c e  o f  a p p l i c a t i o n s  o f  z i n c  on the  up tak e  o f  manganese  
by th e  r i c e  p l a n t s  i s  shown i n  T a b le  4 and F i g u r e  7.  The d a t a  showed 
t h a t  on the  u n l im e d  s o i l ,  th e  a p p l i c a t i o n  o f  z i n c  t ended  to  i n c r e a s e  
th e  u p ta k e  o f  manganese  by th e  r i c e  p l a n t s  grown on the  f l o o d e d  and 
n o n f l o o d e d  s o i l .  The a p p l i c a t i o n  o f  z i n c  t en ded  t o  d e c r e a s e  the  up ­
ta k e  o f  manganese by t h e  r i c e  p l a n t s  grown on the  f l o o d e d  and n o n f l o o d e d  
s o i l  t h a t  r e c e i v e d  a p p l i c a t i o n s  o f  1, 2 ,  3 ,  and 4 to n s  o f  l im e  per  a c r e .  
However,  a l l  o f  th e  d i f f e r e n c e s  were  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .
The e f f e c t s  o f  f l o o d i n g  and t h e  a p p l i c a t i o n s  o f  z i n c  and l im e  on 
the  p r o d u c t i o n  o f  dry m a t t e r  and on the  c o n c e n t r a t i o n s  o f  ph o s p h o r u s ,  
p o t a s s i u m ,  c a l c i u m ,  and magnesium in  S a t u r n  r i c e  p l a n t s  grown on P a t o u t -  
v i l l e  s i l t  loam a r e  p r e s e n t e d  in  T a b le  5 .  The d a t a  i n d i c a t e d  t h a t  
f l o o d i n g  the s o i l  t ended  to  i n c r e a s e  the  c o n c e n t r a t i o n  o f  phosphorus  in  
the  r i c e  p l a n t s .  E x c e p t  f o r  th e  p l a n t s  grown on t h e  s o i l  t h a t  r e c e i v e d  
2 to n s  o f  l im e  p e r  a c r e  and when no z i n c  was a p p l i e d ,  f l o o d i n g  r e s u l t e d  
in  i n c r e a s e s  in  the  c o n c e n t r a t i o n s  o f  ph osp h or u s  in  th e  p l a n t  t i s s u e .  
However,  the  i n c r e a s e s  were  n o t  a l l  s t a t i s t i c a l l y  s i g n i f i c a n t .
The d a t a  i n d i c a t e d  t h a t  the  i n f l u e n c e  o f  l im e  on the  phosphorus  
c o n c e n t r a t i o n s  in t h e  r i c e  p l a n t s  was d e p e n d e n t  on b o th  th e  f l o o d i n g  
and the  z i n c  t r e a t m e n t s .  The a p p l i c a t i o n  o f  1 ton o f  l im e  p e r  a c r e
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T a b le  5. The e f f e c t s  o f  f l o o d i n g  and a p p l i c a t i o n s  o f  z i n c  and l im e  on 
the  p r o d u c t i o n  o f  dry  m a t t e r  and on th e  c o n c e n t r a t i o n  o f  
p h o s p h o r u s ,  p o t a s s i u m ,  c a l c i u m ,  and magnesium in  S a t u r n  r i c e  
p l a n t s  grown on P a t o u t v i l l e  s i l t  loam.
Treatments Dry Concentrat ion
Flooding Zinc Matter P K Ca .. MS,
g / p o t  -ppm
- -No l i m e ,  pH 4 . 6 -  - -  -  -
F lo o d e d Zn 1 2 . 4 1770 6000 3900 3909
No Zn 1 0 .5 2062 6200 4265 4219
N o n f lo o d e d Zn 7 . 6 1604 11500 3100 4013
No Zn 6 . 8 1604 10600 3763 4186
1 ton o f  l i m e , pH 5 . 5  - -  ■
Flood e d Zn 8 . 2 1458 5800 4254 3693
No Zn 7 . 0 1520 7450 4404 3323
N o n f lood e d Zn 5 . 3 1104 10800 3975 4238
No Zn 5 . 1 979 9850 4078 3536
2 to n s o f  l im e , pH 6 . 0 -  -  ■
Flooded Zn 7 . 0 1520 7000 4124 3225
No Zn 5 . 9 1333 9000 4523 2888
N on f looded Zn 5 . 2 1166 11050 3953 3715
No Zn 4 . 4 1479 13850 4426 3166
3 tons o f  l im e , pH 6 . 5  - -  ■
Flood e d Zn 5 . 1 2020 18150 4410 3251
No Zn 6 . 2 2187 15350 4844 3330
Non f lood e d Zn 3 . 7 1624 18600 4211 2959
No Zn 4 . 1 1593 18600 4739 2541
4 to n s o f  l im e , pH 6 . 9 -  -  ■
F lo o d e d Zn 4 . 9 2332 18600 4676 3215
No Zn 5 . 2 2270 17150 5009 3308
N o n f lood e d Zn 3 . 8 1437 17450 4793 2849
No Zn 3 . 4 1593 19250 5081 2996
LSD, 5% 0 . 8 268 923 189 224
1 /  Zn was added a s  ZnSO4  a t  a r a t e  e q u i v a l e n t  to  5 ppm Zn.
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s i g n i f i c a n t l y  reduced  the  c o n c e n t r a t i o n s  o f  phosphorus  in the  p l a n t s  
grown under  bo th  f l o o d e d  and n o n f l o o d e d  c o n d i t i o n s  i r r e s p e c t i v e  o f  
the z i n c  t r e a t m e n t .  The i n f l u e n c e  o f  t h e  a p p l i c a t i o n  o f  a d d i t i o n a l  
r a t e s  o f  l im e  v a r i e d  from a s i g n i f i c a n t  i n c r e a s e  to a s i g n i f i c a n t  d e ­
c r e a s e  in the  c o n c e n t r a t i o n  o f  phosphorus  in  th e  r i c e  p l a n t s .
The i n f l u e n c e  o f  a p p l i c a t i o n s  o f  z i n c  on t h e  c o n c e n t r a t i o n s  o f  
phosphorus  in  t h e  r i c e  p l a n t s  depended on the f l o o d i n g  and th e  l ime  
t r e a t m e n t s .  The i n f l u e n c e  o f  a p p l i c a t i o n s  o f  z i n c  v a r i e d  from a non­
s i g n i f i c a n t  i n c r e a s e  to  a s i g n i f i c a n t  d e c r e a s e  in  the phosphorus  c o n ­
c e n t r a t i o n s  i n  the  r i c e  p l a n t s .
The d a t a  i n d i c a t e d  t h a t  f l o o d i n g  t h e  s o i l  t ended  to  r e d u c e  the  
c o n c e n t r a t i o n  o f  p o t a s s i u m  in  th e  r i c e  p l a n t s .  The one e x c e p t i o n  was  
t h a t  th e  c o n c e n t r a t i o n  o f  p o t a s s i u m  i n  th e  p l a n t s  grown on the  s o i l  
t h a t  had r e c e i v e d  4 tons  o f  l im e  per  a c r e  w i t h  z i n c  a p p l i e d ,  was s i g ­
n i f i c a n t l y  g r e a t e r  when t h e  p l a n t s  were  grown und er  f l o o d e d  c o n d i t i o n s .  
The d i f f e r e n c e s  be tween  the  p o t a s s i u m  c o n c e n t r a t i o n s  in  the  p l a n t s ,  as  
i n f l u e n c e d  by f l o o d i n g  the s o i l ,  were  o f  much g r e a t e r  m a g n i tu d e  a t  t h e  
l ower  r a t e s  o f  l im e .
The i n f l u e n c e  o f  a p p l i c a t i o n s  o f  i n c r e a s i n g  r a t e s  o f  l im e  on 
the p o t a s s i u m  c o n c e n t r a t i o n s  in  the  r i c e  p l a n t s  appeared  t o  f o l l o w  a 
t r e n d .  The a p p l i c a t i o n  o f  i n c r e a s i n g  r a t e s  o f  l im e  t ended  to  r e s u l t  
in i n c r e a s e s  in  th e  p o t a s s i u m  c o n c e n t r a t i o n s  o f  t h e  r i c e  p l a n t s .
The i n f l u e n c e  o f  a p p l i c a t i o n s  o f  z i n c  on the  c o n c e n t r a t i o n s  o f  
p o t a s s i u m  in  t h e  r i c e  p l a n t s  depended on t h e  l im e  and t h e  f l o o d i n g  
t r e a t m e n t s .  The i n f l u e n c e  o f  z i n c  v a r i e d  from a s t a t i s t i c a l l y
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s i g n i f i c a n t  i n c r e a s e  to a s t a t i s t i c a l l y  s i g n i f i c a n t  d e c r e a s e  in  the  
p o t a s s i u m  c o n c e n t r a t i o n s  i n  t h e  p l a n t s .
The d a t a  i n d i c a t e d  t h a t  w i t h  one e x c e p t i o n ,  the  c a l c i u m  c o n ­
c e n t r a t i o n s  in the r i c e  p l a n t s  grown on f l o o d e d  s o i l  were  g r e a t e r  
than the  c a l c i u m  c o n c e n t r a t i o n s  i n  the  p l a n t s  grown on n o n f lo o d e d  
s o i l .  At  th e  4 ton r a t e  o f  l im e  where z i n c  was a p p l i e d ,  the  c o n c e n ­
t r a t i o n  o f  c a l c i u m  i n  t h e  p l a n t s  grown on the  n o n f l o o d e d  s o i l  was 
g r e a t e r  than the  c o n c e n t r a t i o n  o f  c a l c i u m  in  th e  p l a n t s  grown on the  
f l o o d e d  s o i l .  The d i f f e r e n c e s  in  th e  c o n c e n t r a t i o n s  o f  c a l c i u m  in  
t h e  p l a n t s  grown on f l o o d e d  and n o n f l o o d e d  s o i l  t en ded  t o  become  
p r o g r e s s i v e l y  s m a l l e r  w i t h  i n c r e a s i n g  r a t e s  o f  l im e .
The d a t a  i n d i c a t e d  t h a t  w i t h  two e x c e p t i o n s ,  t h e  a p p l i c a t i o n  o f  
i n c r e a s i n g  r a t e s  o f  l i m e  t ended  to  r e s u l t  in  a p r o g r e s s i v e  i n c r e a s e  
i n  the  c o n c e n t r a t i o n  o f  c a l c i u m  i n  th e  p l a n t s .  Under f l o o d e d  and non­
f l o o d e d  c o n d i t i o n s ,  when z i n c  was a p p l i e d ,  t h e  c o n c e n t r a t i o n s  o f  c a l ­
c ium in  the  p l a n t s  grown on t h e  s o i l  t h a t  r e c e i v e d  1 ton o f  l ime per  
a c r e  were  s l i g h t l y  g r e a t e r  than  t h a t  o f  the  p l a n t s  grown on the  s o i l  
t h a t  r e c e i v e d  2 t o n s  o f  l i m e .
W ithou t  e x c e p t i o n ,  th e  c o n c e n t r a t i o n s  o f  c a l c i u m  i n  the  p l a n t s  
grown on s o i l  where no z i n c  was a p p l i e d  were  g r e a t e r  than th e  c o n c e n ­
t r a t i o n s  o f  c a l c i u m  i n  the  p l a n t s  grown on s o i l  t h a t  had r e c e i v e d  an 
a p p l i c a t i o n  o f  z i n c .  T h is  s u g g e s t e d  t h a t  a p p l i e d  z i n c  may have  
e x e r t e d  an a n t a g o n i s t i c  and d e p r e s s i v e  e f f e c t  upon the  c o n c e n t r a t i o n  
o f  c a l c i u m  i n  the  r i c e  p l a n t s .
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The d a t a  i n d i c a t e d  t h a t  the  i n f l u e n c e  o f  f l o o d i n g  on the magne­
sium c o n c e n t r a t i o n s  i n  the  p l a n t s  a ppeared  to  depend on the  r a t e  o f  
l im e  a p p l i e d .  F l o o d i n g  the  s o i l  t ended  to  d e c r e a s e  th e  c o n c e n t r a t i o n  
o f  magnesium i n  th e  p l a n t s  grown on th e  u n l im e d  s o i l  and on the s o i l  
t h a t  r e c e i v e d  1 and 2 t o n s  o f  l i m e .  F l o o d i n g  th e  s o i l  r e s u l t e d  i n  a 
s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e  i n  t h e  c o n c e n t r a t i o n s  o f  magnesium 
in  th e  r i c e  p l a n t s  grown on s o i l  t h a t  r e c e i v e d  3 and 4 tons  o f  l im e  
p e r  a c r e .
The i n f l u e n c e  o f  a p p l i c a t i o n s  o f  i n c r e a s i n g  r a t e s  o f  l im e  on 
th e  c o n c e n t r a t i o n s  o f  magnesium i n  th e  r i c e  p l a n t s  depended on the  
f l o o d i n g  and th e  l im e  t r e a t m e n t s .  The i n f l u e n c e  o f  a p p l i c a t i o n s  o f  
z i n c  on th e  c o n c e n t r a t i o n s  o f  magnesium in  t h e  r i c e  p l a n t s  depended  
on th e  f l o o d i n g  and the  l im e  t r e a t m e n t .  The i n f l u e n c e  o f  a p p l i c a t i o n s  
o f  z i n c  v a r i e d  from a s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e  to a s i g n i ­
f i c a n t  d e c r e a s e  in  th e  c o n c e n t r a t i o n  o f  magnesium i n  t h e  p l a n t s .
The d a t a  i n  T a b le  5 i n d i c a t e d  t h a t  f l o o d i n g  the  P a t o u t v i l l e  
s i l t  loam r e s u l t e d  in  a s i g n i f i c a n t  i n c r e a s e  i n  th e  amount o f  dry m at ­
t e r  produced by t h e  r i c e  p l a n t s .  There  a r e  s e v e r a l  p o s s i b l e  e x p l a n a ­
t i o n s  f o r  th e  o b s e r v e d  i n c r e a s e  i n  th e  amount o f  dry  m a t t e r  produced  
on th e  f l o o d e d  s o i l .  The i n f l u e n c e  o f  f l o o d i n g  on th e  s o i l  and r o o t  
t e m p e r a tu r e s  may have  b een  s i g n i f i c a n t .  The p l a n t s  were  grown i n  the  
g r e e n h o u s e  where midday a t m o s p h e r i c  t e m p e r a t u r e s  were  o f t e n  in  e x c e s s  
o f  45C. A l th o u g h  s o i l  t e m p e r a tu r e s  w ere  n o t  m o n i t o r e d ,  i t  seems  
r e a s o n a b l e  to  assume t h a t  t h e  t e m p e r a tu r e  o f  t h e  f l o o d e d  s o i l  was l ow e r  
than t h a t  o f  th e  n o n f l o o d e d  s o i l ,  and may h a v e  been  more f a v o r a b l e  f o r  
r o o t  d e v e lo p m e n t  and p l a n t  grow th .
60
The i n f l u e n c e  o f  f l o o d i n g  on th e  r a t e  o f  t i l l e r i n g  o f  the  r i c e  
p l a n t s  may a l s o  o f f e r  some e x p l a n a t i o n  f o r  the  i n c r e a s e  in  th e  amount  
o f  dry  m a t t e r  produced und er  f l o o d e d  s o i l  c o n d i t i o n s .  The d a t a  p r e ­
s e n t e d  i n  T ab le  6 i n d i c a t e d  t h a t  f l o o d i n g  the  s o i l  i n c r e a s e d  the num­
b e r  o f  t i l l e r s  produced by t h e  p l a n t s ,  e s p e c i a l l y  a t  the  lower  r a t e s  
o f  l i m e .  The i n c r e a s e  in  th e  number o f  t i l l e r s  produced p e r  c o n t a i n e r  
a c c o u n t e d  f o r  a t  l e a s t  p a r t  o f  the i n c r e a s e  i n  t h e  amount o f  dry  m a t t e r  
p r o d u c e d .  The o b s e r v e d  i n f l u e n c e  o f  f l o o d i n g  in  the r a t e  o f  t i l l e r i n g  
o f  t h e  r i c e  p l a n t s  i s  c o n s i s t e n t  w i t h  t h e  r e s u l t s  r e p o r t e d  by C r a l l e y  
and A d a ir  ( 1 9 4 3 ) .
The a p p l i c a t i o n  o f  z i n c  a t  t h e  0 ,  1,  and 2 ton r a t e s  o f  l im e  
t en ded  to i n c r e a s e  the number o f  t i l l e r s  produced by the  r i c e  p l a n t s .
At  t h e  3 and 4 ton  r a t e s  o f  l i m e ,  t h e  i n f l u e n c e  o f  a p p l i c a t i o n s  o f  z i n c
on th e  r a t e  o f  t i l l e r i n g  was d e p e n d e n t  on the  l im e  and th e  f l o o d i n g
t r e a t m e n t s .
The a p p l i c a t i o n  o f  l im e  t ended  to  d e c r e a s e  th e  number o f  t i l l e r s  
produced  by th e  r i c e  p l a n t s .  The m agn i tu d e  o f  the  r e d u c t i o n  i n  the  
number o f  t i l l e r s  produced was g r e a t e r  when t h e  p l a n t s  w ere  grown on 
the  f l o o d e d  s o i l .
The i n f l u e n c e  o f  f l o o d i n g  on th e  p r o d u c t i o n  o f  dry m a t t e r  and
on t h e  c o n c e n t r a t i o n  and the  u p t a k e  o f  z i n c ,  i r o n ,  and manganese  by
S a t u r n  r i c e  p l a n t s  grown on e i g h t  s o i l s  i s  p r e s e n t e d  i n  T a b le  7.
The d a t a  i n d i c a t e d  t h a t  f l o o d i n g  th e  s o i l  r e s u l t e d  i n  s i g n i f i ­
c a n t  i n c r e a s e s  in  t h e  amount o f  dry m a t t e r  produced by th e  p l a n t s  
grown on the  G a l l i o n ,  A c a d i a ,  sam ple  no .  16, Crow ley ,  s a m p le s  n o .  17 
and 18 ,  and t h e  P a t o u t v i l l e  s i l t  loam s .  The amount o f  dr y  m a t t e r
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T a b le  6 .  The e f f e c t s  o f  f l o o d i n g  and a p p l i c a t i o n  o f  z i n c  and l im e  on 
th e  p r o d u c t i o n  o f  dry m a t t e r  and t h e  r a t e  o f  t i l l e r i n g  o f  
S a t u r n  r i c e  p l a n t s  grown on P a t o u t v i l l e  s i l t  loam.
Treatmen t s  
F l o o d i n g  Z in c  1 /
Dry
M a t t e r
T i l l e r i n g  
Rate
g / p o t  num ber /p ot  2 /
No l i m e ,  pH 4 . 6 - - - - - - - - - - - - - -
F lo o d e d Zn 12..4 1 7 . 5
No Zn 10..5 1 5 . 0
N o n f lo o d e d Zn 7,.6 4 . 8
No Zn 6..8 4 . 0
.  -  .  _ 1 ton  c»f 1i m e , pH f». 5 •
F lood e d Zn 8..2 8 . 5
No Zn 7..0 6 . 0
Non f l o o d e d Zn 5 .3 2 . 0
No Zn 5, . 1 1 .5
------------ 2 to n s o f l i m e , PH 6 .0 -
F lood e d Zn 7,.0 5 . 0
No Zn 5 .9 3 . 5
N o n f lood e d Zn 5 .2 1 . 0
No Zn 4 .4 0 . 0
------------ 3 to n s o f l i m e , PH 6 .5 -
Flooded Zn 5 . 1 2 . 0
No Zn 6 .2 3 . 5
N on f lood e d Zn 3 .7 0 . 0
No Zn 4 . 1 0 . 0
-------------- 4 to n s o f l i m e , PH 6 .9 -
F looded Zn 4,.9 2 . 0
No Zn 5 .2 2 . 0
N o n f lo o d e d Zn 3 .8 0 . 0
No Zn 3 .4 0 . 0
JV Z in c  added as  ZnSO^ a t  a r a t e  e q u i v a l e n t  to  5 ppm Zn.  
2 /  A verage  o f  fou r  r e p l i c a t i o n s .
Table  7. The i n f l u e n c e  o f  f l o o d i n g  on the  p r o d u c t io n  o f  dry m a t t e r  and on the c o n c e n t r a t i o n  and the  
uptake  o f  z i n c ,  i r o n ,  and manganese by Saturn  r i c e  p l a n t s  grown on e i g h t  s o i l s .
Sample




M a tte r
C o n c e n t r a t i o n  
Zn Fe Mn Zn
Uptake
Fe Mn
g / p o t -  - - -ppm- -  - - - - - mg/pot-- - - -
2 G a l l i o n  s i l F looded 9 . 4 3 1 .5 239 1112 0 . 3 0 2 .2 5 1 0 .4 5
N onflooded 7 .5 6 5 . 1 128 858 0 . 4 9 0 . 9 6 6 . 4 4
4 H ebert  s i l Flooded 3 . 5 6 4 . 6 398 2217 0 . 2 3 1 .3 9 7 .7 6
N onflooded 5 . 9 4 0 . 2 116 156 0 . 2 4 0 . 6 9 0 . 9 2
8 Norwood s i l F looded 9 . 9 2 8 . 4 225 711 0 . 2 8 2 . 2 3 7 .0 4
Non f lo o d e d 9 . 8 3 7 . 1 85 61 0 . 3 6 0 . 8 3 0 . 6 0
15 Acadia  s i l F looded 1 .5 6 4 . 0 446 200 0 . 1 0 0 . 6 7 0 . 3 0
Nonf looded 2 . 6 4 7 . 3 144 100 0 . 1 2 0 . 3 8 0 . 2 6
16 A cad ia  s i l F looded 1 9 .8 8 3 . 5 274 2694 1 .65 5 . 4 3 5 3 .3 4
N onf looded 1 3 .0 1 3 5 .7 117 860 1 .76 1 .52 1 1 .1 8
17 Crowley s i l F looded 1 1 . 0 3 6 . 5 146 917 0 . 4 0 1 .6 1 1 0 .0 9
Nonflooded 6 . 5 5 8 . 0 94 437 0 . 3 8 0 . 6 1 2 . 8 4
18 Crowley s i l F looded 9 . 6 2 9 .5 155 758 0 . 2 8 1 .49 7 .2 7
Nonf looded 6 . 0 4 6 . 2 84 214 0 . 2 8 0 .5 1 1 .2 8
26 P a t o u t v i l l e  s i l Flooded 1 2 .8 1 2 7 .3 281 4372 1 .63 3 .5 9 5 5 . 9 7
N onflooded 8 . 2 16 3 .8 131 2609 1 .34 1 .0 8 2 1 .3 9




produced by t h e  p l a n t s  grown on th e  Hebert  s i l t  loam was s i g n i f i c a n t l y  
reduced by f l o o d i n g .  The amount o f  dry  m a t t e r  produced by t h e  r i c e  p l a n t s  
grown on t h e  Norwood s i l t  loam and t h e  A c a d i a  s i l t  loam, sample no .  16,  
was n o t  s i g n i f i c a n t l y  a f f e c t e d  by f l o o d i n g .
The d a t a  p r e s e n t e d  i n  T a b le  7 i n d i c a t e d  t h a t  f l o o d i n g  the s o i l  
resulted i n  a s t a t i s t i c a l l y  s i g n i f i c a n t  d e c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  
z i n c  i n  t h e  r i c e  p l a n t s  grown on t h e  G a l l i o n  s i l t  loam, t h e  A c a d ia  s i l t
loam, sam ple  n o .  16 ,  t h e  Crow ley s i l t  loam, sample  n o .  17 ,  and th e  P a t o u t -
ville s i l t  loam. F l o o d i n g  t h e  s o i l  d i d  n o t  have  a s i g n i f i c a n t  i n f l u e n c e  
on the  c o n c e n t r a t i o n  o f  z i n c  i n  t h e  p l a n t s  grown on t h e  Norwood s i l t  loam,  
the A c a d i a  s i l t  loam, sam ple  n o .  15 ,  and t h e  Crow ley s i l t  loam, sample  no.  
18.  F l o o d i n g  th e  Hebert  s i l t  loam r e s u l t e d  i n  a s i g n i f i c a n t  i n c r e a s e  i n  
t h e  c o n c e n t r a t i o n  o f  z i n c  i n  t h e  r i c e  p l a n t s .
The u p ta k e  o f  z i n c  by t h e  r i c e  p l a n t s  grown on t h e  P a t o u t v i l l e
s i l t  loam was s i g n i f i c a n t l y  i n c r e a s e d  by f l o o d i n g .  F l o o d i n g  d i d  n o t  have  
a s i g n i f i c a n t  a f f e c t  on t h e  u p t a k e  o f  z i n c  by t h e  r i c e  p l a n t s  grown on th e  
o t h e r  s e v e n  s o i l s .  U s i n g  u p t a k e  as  a c r i t e r i o n  f o r  e v a l u a t i n g  t h e  " a v a i l ­
a b i l i t y "  o f  z i n c ,  t h e  d a t a  s u g g e s t e d  t h a t  a l t h o u g h  f l o o d i n g  r e s u l t e d  i n  a 
s i g n i f i c a n t  r e d u c t i o n  i n  t h e  c o n c e n t r a t i o n  o f  z i n c  i n  t h e  r i c e  p l a n t s  
grown on f o u r  o f  t h e  s o i l s ,  t h e  " a v a i l a b i l i t y " o f  z i n c  t o  t h e  p l a n t s  was  
n o t  s i g n i f i c a n t l y  redu c e d  by f l o o d i n g .
F l o o d i n g  r e s u l t e d  i n  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  
o f  i r o n  i n  t h e  r i c e  p l a n t s  grown on a l l  o f  t h e  s o i l s .  F l o o d i n g  th e  s o i l  
r e s u l t e d  i n  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  u p t a k e  o f  i r o n  by t h e  r i c e  
p l a n t s  grown on s e v e n  o f  t h e  e i g h t  s o i l s .  The u p t a k e  o f  i r o n  by t h e  r i c e  
p l a n t s  grown on t h e  A c a d i a  s i l t  loam, sample  n o .  15 ,  was n o t  s i g n i f i c a n t l y
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affected by flooding.
Flooding the soil resulted in a significant increase in the conten­
tion of manganese in the rice plants grown on seven of the eight soils.
Tne increase in t h e  c o n c e n t r a t i o n  o f  manganese  in t h e  rice plants grown 
on the Acadia s i l t  loam, sam ple  no .  15 ,  was not statistically significant. 
F l o o d i n g  th e  s o i l  r e s u l t e d  i n  a s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e  i n  the  
u p t a k e  o f  manganese  by t h e  r i c e  p l a n t s  grown on s i x  o f  t h e  e i g h t  s o i l s .  
F l o o d i n g  d i d  n o t  have  a s i g n i f i c a n t  e f f e c t  on t h e  u p ta k e  o f  manganese  by 
the p l a n t s  grown on t h e  G a l l i o n  s i l t  loam and t h e  A c a d i a  s i l t  loam, sam­
p l e  n o .  15.
The d a t a  p r e s e n t e d  i n  T ab le  7 i n d i c a t e d  t h a t  f l o o d i n g  r e s u l t e d  i n  
a s i g n i f i c a n t  i n c r e a s e  i n  t h e  dry  m a t t e r  p r o d u c t i o n  by r i c e  p l a n t s  grown 
on f i v e  o f  t h e  e i g h t  s o i l s .  There  a r e  s e v e r a l  p o s s i b l e  e x p l a n a t i o n s  f o r  
th e  o b s e r v e d  i n f l u e n c e  o f  f l o o d i n g  on t h e  dry m a t t e r  p r o d u c t i o n  o f  the  
r i c e  p l a n t s .
The i n f l u e n c e  o f  f l o o d i n g  on t h e  p r o d u c t i o n  o f  dry m a t t e r  and on 
t h e  r a t e  o f  t i l l e r i n g  o f  S a tu r n  r i c e  p l a n t s  grown on e i g h t  s o i l s  i s  p r e ­
s e n t e d  i n  T a b le  8 .  The i n f l u e n c e  o f  f l o o d i n g  on t h e  r a t e  o f  t i l l e r i n g  o f  
t h e  r i c e  p l a n t s  appeared  t o  p l a y  a s i g n i f i c a n t  r o l e  i n  i n c r e a s i n g  t h e  
amount o f  dry  m a t t e r  produced  by t h e  r i c e  p l a n t s  grown on f i v e  o f  the  
e i g h t  s o i l s .  The d a t a  i n d i c a t e d  t h a t  f l o o d i n g  t h e  s o i l  r e s u l t e d  i n  a s i g ­
n i f i c a n t  i n c r e a s e  i n  t h e  number o f  t i l l e r s  produced by t h e  r i c e  p l a n t s  
grown on t h e  G a l l i o n  s i l t  loam, t h e  Norwood s i l t  loam, th e  A c a d i a  s i l t  
loam, sam ple  n o .  16 ,  t h e  two Crowley  s i l t  loam s ,  sam p les  n o .  17 and 18 ,  
and t h e  P a t o u t v i l l e  s i l t  loam. I n  e v e r y  c a s e  where  f l o o d i n g  r e s u l t e d  i n  
a s i g n i f i c a n t  i n c r e a s e  i n  dry m a t t e r  p r o d u c t i o n  by t h e  r i c e  p l a n t s ,  the  
number o f  t i l l e r s  produced by t h e  p l a n t s  was a l s o  s i g i n i f i c a n t l y  i n c r e a s e d .
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Table 8. The influence of flooding on the production of dry matter 




Water Dry Tillering 
Treatment Matter Rate
g/pot number/po t
2 Gallion sil Flooded 9.4 9.7
Nonflooded 7.5 2.0
4 Hebert sil Flooded 3.5 0.0
Nonflooded 5.9 0.0
8 Norwood sil Flooded 9.9 4.7
Nonflooded 9.8 1.9
15 Acadia sil Flooded 1.5 0.0
Nonflooded 2.6 0.0
16 Acadia sil Flooded 19.8 14.3
Nonflooded 13.0 3.3
17 Crowley sil Flooded 11.0 12.0
Nonflooded 6.5 3.3
18 Crowley sil Flooded 9.6 10.7
Nonflooded 6.0 2.7
26 Patoutville sil Flooded 12.8 10.3
Nonflooded 8.2 3.0
LSD, 57, 1.9 2.3
!_/ Average of three replications.
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The increased availability of manganese, as a result of flood­
ing the soil, may also have been partially responsible for the increase 
in the amount of dry matter produced by the plants grown under flooded 
conditions. Significant positive relationships were caicuiutec be­
tween the manganese concentration and the amount of dry matter pro­
duced, r = 0.480, and between the manganese uptake and the amount ef 
dry matter produced, r = 0.738. The data presented in Table 7 indi­
cated that in every case where flooding resulted in a significant in­
crease in the amount of dry matter produced by the rice plants, the 
concentration of manganese by the plants was also significantly in­
creased. A significant increase in the manganese uptake by the rice 
plants was noted on four of the five soils where flooding resulted in 
a significant increase in dry matter production.
The influence of flooding on the production of dry matter and 
on the concentration and the uptake of phosphorus by Saturn rice 
plants grown on eight soils is presented in Table 9. The influence 
of flooding the soil on the "availability'' of phosphorus cannot be 
overlooked as being partially responsible for the observed increase 
in the amount of dry matter produced by the rice plants. This may have 
been of particular significance considering the fact that no additional 
phosphorus was applied to the soils.
The data indicated that except for the plants grown on the Gal­
lion silt loam, flooding the soil resulted in a statistically signifi­
cant increase in the concentration of phosphorus in the rice plants.
No explanation can be offered as to why flooding resulted in a
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T a b ic  9 .  The i n f l u e n c e  o f  f l o o d i n g  on t h e  p r o d u c t i o n  o f  dry m a t t e r  
and on the c o n c e n t r a t i o n  and the  u p t a k e  o f  phosphorus  by 
S a t u r n  r i c e  p l a n t s  grown on e i g h t  s o i l s .




M a t t e r
Phosnhorus
C o n c e n t r a t i o n Uptake
g / p o t ppm mg/pou
2 G a l l i o n  s i l F lo o d e d 9 . 4 4521 4 2 . 5 0
N o n f lo o d e d 7 . 5 5454 4 0 . 9 1
4 H eb er t  s i l F lo o d e d 3 . 5 4867 1 7 .0 4
N o n f lo o d e d 5 . 9 3171 18 .3 9
8 Norwood s i l F lo o d e d 9 . 9 2450 2 4 . 2 6
N o n f lo o d e d 9 . 8 1209 1 1 .8 5
15 A c a d ia  s i l F lo o d e d 1 .5 2375 3 . 5 6
N o n f lo o d e d 2 . 6 1313 3 . 4 1
16 A c a d ia  s i l F lo o d e d 1 9 . 8 2396 4 7 . 4 4
N o n f lo o d e d 1 3 . 0 979 1 2 .7 3
17 Crowley  s i l F lo o d e d 1 1 . 0 1441 1 5 . 8 5
N o n f lo o d e d 6 . 5 938 6 . 1 0
18 Crowley  s i l F lood e d 9 . 6 1775 1 7 . 0 4
N o n f lo o d e d 6 . 0 834 5 . 0 0
26 P a t o u t v i l l e F lo o d e d 1 2 . 8 4583 5 8 . 6 6
N o n f lo o d e d 8 . 2 888 7 . 2 8
LSD, 57o 1 . 9 417 5 . 2 6
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s i g n i f i c a n t  d e c r e a s e  In the  c o n c e n t r a t i o n  o f  phosphorus  in  the  r i c e  
p l a n t s  grown on th e  G a l l i o n  s i l t  loam. F l o o d i n g  r e s u l t e d  in  an i n ­
c r e a s e  in  the u p t a k e  o f  phosphorus  by th e  r i c e  p l a n t s  grown on a l l  
but th e  H e b e r t  s i l t  loam. However, n o t  a l l  o f  the  d i f f e r e n c e s  were 
s t a t i s t i c a l l y  s i g n i f i c a n t .
A c c o r d i n g  to Chapman ( 1 9 6 6 ) ,  r i c e  t i s s u e  t h a t  c o n t a i n s  l e s s  
than 1G00 ppm o f  phosp horus  i s  c o n s i d e r e d  to be c r i t i c a l l y  low in  
p h o s p h o r u s .  The d a t a  p r e s e n t e d  i n  T ab le  9 i n d i c a t e d  t h a t  th e  p h o s ­
phorus  c o n c e n t r a t i o n  was b e lo w  1000 ppm in  the  r i c e  p l a n t s  grown 
under  n o n f l o o d e d  s o i l  c o n d i t i o n s  on the  A c a d ia  s i l t  loam, sample no.  
16,  Crowley  s i l t  loam, s a m p le s  no .  17 and 18 ,  and P a t o u t v i l l e  s i l t  
loam. The f l o o d i n g  t r e a t m e n t  s i g n i f i c a n t l y  i n c r e a s e d  th e  amount o f  
dry m a t t e r  produced  by t h e  r i c e  p l a n t s  grown on a l l  f o u r  o f  t h e s e  
s o i l s .  The d a t a  i n d i c a t e  t h a t  t h e  i n c r e a s e d  " a v a i l a b i l i t y "  o f  p h o s ­
phorus  to  the  p l a n t s  grown und er  f l o o d e d  s o i l  c o n d i t i o n s  may have  been  
a s i g n i f i c a n t  f a c t o r  i n  th e  o b s e r v e d  i n c r e a s e  i n  t h e  dry  m a t t e r  p r o ­
d u c t i o n  by th e  r i c e  p l a n t s .
The r e s u l t s  s u g g e s t e d  t h a t  no one f a c t o r  a l o n e  was r e s p o n s i b l e  
f o r  the  i n c r e a s e  i n  the  amount o f  dry  m a t t e r  produced  by th e  r i c e  
p l a n t s  grown on t h e  f l o o d e d  s o i l s .  I t  a p p e a r e d  t h a t  the  i n c r e a s e d  
r a t e  o f  t i l l e r i n g ,  t h e  i n c r e a s e d  " a v a i l a b i l i t y "  o f  m anganese ,  and the  
i n c r e a s e d  " a v a i l a b i l i t y "  o f  phosp horus  may a l l  h a v e  been  s i g n i f i c a n t  
f a c  t o r s .
The e f f e c t s  o f  w a t e r  t r e a t m e n t s  and t h e  a p p l i c a t i o n  o f  mangan­
e s e  d i o x i d e  and z i n c  s u l f a t e  on th e  p r o d u c t i o n  o f  dry  m a t t e r  and on
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the concentration and the uptake of zinc, iron, and manganese by 
Saturn rice plants grown on Crowley silt loam, sample no. 18, are pre­
sented in Table 10.
The d a t a  i n d i c a t e d  t h a t  th e  g r e a t e s t  amount of dry  matter was 
produced by the  r i c e  p l a n t s  grown under  the  c o n d i t i o n s  of continuous 
flooding and c o n t i n u o u s  f l o o d i n g  combined w i t h  the a p p l i c a t i o n  of 
MnO^. The a p p l i c a t i o n  o f  z i n c  to th e  c o n t i n u o u s l y  f l o o d e d  s o i l  r e ­
sulted in  a s i g n i f i c a n t  d e c r e a s e  i n  t h e  dry  m a t t e r  produced by the  
plants. The p r o d u c t i o n  o f  dry  m a t t e r  produced  by the  p l a n t s  grown on 
th e  a l t e r n a t e l y  d r a i n e d  s o i l  was s i g n i f i c a n t l y  l ow e r  than t h a t  p r o ­
duced  by t h e  p l a n t s  grown un d er  the  c o n d i t i o n s  o f  any o f  the  t r e a t m e n t s  
which  i n v o l v e d  c o n t i n u o u s  f l o o d i n g .  The amount o f  dry  m a t t e r  produced  
by t h e  p l a n t s  grown on th e  a l t e r n a t e l y  d r a i n e d  s o i l  was s i g n i f i c a n t l y  
g r e a t e r  than  t h a t  produced by  th e  r i c e  p l a n t s  grown on t h e  n o n f l o o d e d  
s o i l  w i t h  o r  w i t h o u t  ZnSO^. The a p p l i c a t i o n  o f  z i n c  to  the  n o n f l o o d e d  
s o i l  had no s i g n i f i c a n t  i n f l u e n c e  on th e  p r o d u c t i o n  o f  dry  m a t t e r  by  
t h e  r i c e  p l a n t s .
The c o n c e n t r a t i o n s  o f  z i n c  i n  t h e  p l a n t s  grown on t h e  c o n t i n ­
u o u s l y  f l o o d e d  s o i l  w i t h  and w i t h o u t  MnC^ w ere  s i g n i f i c a n t l y  l o w e r  than  
t h a t  in  th e  p l a n t s  grown on th e  n o n f l o o d e d  s o i l .  The u p t a k e  o f  z i n c  
by th e  p l a n t s  grown on th e  s o i l  t h a t  was c o n t i n u o u s l y  f l o o d e d  w i t h  and 
w i t h o u t  Mn0 2  was s i g n i f i c a n t l y  g r e a t e r  than  was the  u p t a k e  o f  z i n c  by 
t h e  p l a n t s  grown on th e  n o n f l o o d e d  s o i l .  The a p p l i c a t i o n  o f  z i n c  to  
th e  s o i l  t h a t  was c o n t i n u o u s l y  f l o o d e d  and to  th e  n o n f l o o d e d  s o i l  r e ­
s u l t e d  in  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  and t h e  u p t a k e
Table  10.  The e f f e c t s  o f  w a t e r  t r e a t m e n t s  and a p p l i c a t i o n s  o f  manganese d i o x i d e  and z i n c  s u l f a t e  
on the p r o d u c t io n  o f  dry m a t t e r  and on the  c o n c e n t r a t i o n  and the uptake  o f  z i n c ,  i r o n ,  
and manganese by Saturn  r i c e  p l a n t s  grown on Crowley s i l t  loam.
Dry C o n c e n t r a t i o n Uptake
Treatment M atter Zn Fe Mn Zn Fe Mn
g / p o t - - - -  - ppm- - - - - - - - - m g /p o t - - - -
U nf looded 7 .1 3 9 .9 133 211 0 . 2 8 0 . 9 4 1 .5 0
Continuous  f l o o d i n g 1 5 .0 3 1 . 7 162 1127 0 . 4 8 2 .4 3 1 6 .9 0
A l t e r n a t e  d r a i n a g e 10 .7 3 4 . 9 228 673 0 . 3 7 2 . 4 4 7 .2 0
Continuous  f l o o d i n g  
and MnC>2 JJ 1 5 .0 2 9 .7 164 1505 0 . 4 5 2 .4 7 2 2 .5 7
Continuous  f l o o d i n g  
and ZnSO^ 2 / 1 3 .7 7 2 .3 223 895 0 . 9 9 3 . 0 6 1 2 .1 7
Nonf looded  and ZnSO^ 2/  7 .8 8 8 . 5 133 192 0 . 6 9 1 .0 4 1 .5 0
LSD, 57o 1 .3 5 . 8 21 192 0 . 1 1 0 . 5 0 4 . 7 1
1/  Mn0 2  was added a t a r a t e  e q u i v a l e n t to 0.5% o f the  amount o f s o i l per p o t .
2 /  ZnSO^ was added a t  a r a t e  e q u i v a l e n t to 5 ppm o f  Zn.
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o f  z i n c  by the  r i c e  p l a n t s  when compared to  t h a t  o f  the  p l a n t s  grown 
under  s i m i l a r  c o n d i t i o n s  when z i n c  was not  a p p l i e d .  The c o n c e n t r a ­
t i o n  o f  z i n c  in  the  p l a n t s  grown on th e  s o i l  t h a t  was a l t e r n a t e l y
d r a i n e d  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from the  c o n c e n t r a t i o n s  o f
z i n c  in  the  p l a n t s  grown on the  s o i l  t h a t  was f l o o d e d  c o n t i n u o u s l y
w i t h  o r  w i t h o u t  MnC^, o r  on the  n o n f l o o d e d  s o i l .
The h i g h e s t  c o n c e n t r a t i o n  o f  i r o n  o c c u r r e d  i n  t h e  p l a n t s  grown 
on the  s o i l  t h a t  was a l t e r n a t e l y  d r a i n e d .  The a p p l i c a t i o n  o f  z i n c  to  
c o n t i n u o u s l y  f l o o d e d  s o i l  r e s u l t e d  in  a s i g n i f i c a n t  i n c r e a s e  in  both  
the  c o n c e n t r a t i o n  and th e  u p t a k e  o f  i r o n  by t h e  r i c e  p l a n t s .  On the  
n o n f l o o d e d  s o i l ,  t h e  a p p l i c a t i o n  o f  z i n c  had no s i g n i f i c a n t  i n f l u e n c e  
on e i t h e r  the  c o n c e n t r a t i o n  o r  t h e  u p t a k e  o f  i r o n .  The a p p l i c a t i o n  
o f  Mn0 2  to  the  s o i l  t h a t  was f l o o d e d  c o n t i n u o u s l y  had no s i g n i f i c a n t  
i n f l u e n c e  on e i t h e r  t h e  c o n c e n t r a t i o n  o r  th e  u p t a k e  o f  i r o n  by the
r i c e  p l a n t s .  Both t h e  u p t a k e  and the  c o n c e n t r a t i o n  o f  i r o n  in  the
plants  grown on th e  s o i l  t h a t  was f l o o d e d  c o n t i n u o u s l y  were s i g n i f i ­
c a n t l y  g r e a t e r  than t h a t  o f  th e  r i c e  p l a n t s  grown on die  n o n f l o o d e d  
s o i l .
The a p p l i c a t i o n  o f  MnC  ^ to th e  c o n t i n u o u s l y  f l o o d e d  s o i l  r e ­
s u l t e d  in  a s i g n i f i c a n t  i n c r e a s e  i n  b o t h  th e  c o n c e n t r a t i o n  and the  up ­
take  o f  manganese by the  r i c e  p l a n t s .  Under c o n t i n u o u s  f l o o d i n g  
c o n d i t i o n s ,  th e  a p p l i c a t i o n  o f  z i n c  r e s u l t e d  i n  a s i g n i f i c a n t  d e c r e a s e  
in the  c o n c e n t r a t i o n  and th e  u p t a k e  o f  manganese  by the  r i c e  p l a n t s .
On the  n o n f l o o d e d  s o i l ,  th e  a p p l i c a t i o n  o f  z i n c  had no s i g n i f i c a n t
i n f l u e n c e  on e i t h e r  the  c o n c e n t r a t i o n  o r  th e  u p ta k e  o f  manganese by
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the  r i c e  p l a n t s .  The c o n c e n t r a t i o n  and th e  u p ta k e  o f  manganese  by the  
r i c e  p l a n t s  grown under  c o n t i n u o u s  f l o o d i n g  c o n d i t i o n s  were  s i g n i f i ­
c a n t l y  g r e a t e r  than t h a t  o f  t h e  p l a n t s  grown under  n o n f l o o d e d  c o n d i ­
t i o n s .  The c o n c e n t r a t i o n  and t h e  u p t a k e  o f  manganese by t h e  r i c e  
p l a n t s  grown under  a l t e r n a t e  d r a i n a g e  c o n d i t i o n s  were s i g n i f i c a n t l y  
g r e a t e r  than t h a t  o f  t h e  p l a n t s  grown on the  n o n f l o o d e d  s o i l ,  but  s i g ­
n i f i c a n t l y  low er  than t h a t  o f  t h e  p l a n t s  grown on the c o n t i n u o u s l y  
f l o o d e d  s o i l .
The e f f e c t s  o f  w a t e r  t r e a t m e n t s  and a p p l i c a t i o n s  o f  manganese  
d i o x i d e  and z i n c  s u l f a t e  on the p r o d u c t i o n  o f  dry m a t t e r  and on the  
c o n c e n t r a t i o n  o f  manganese  and i r o n  and t h e  manganese to  i r o n  r a t i o  o f  
S a t u r n  r i c e  p l a n t s  grown on Crowley s i l t  loam a r e  p r e s e n t e d  in T ab le  11.  
The d a t a  s u g g e s t e d  t h a t  th e  manganese  to  i r o n  r a t i o  was r e l a t e d  to  t h e  
dry m a t t e r  prod u c e d .  In g e n e r a l ,  a s  t h e  manganese  to i r o n  r a t i o  i n ­
c r e a s e d ,  the amount o f  dry  m a t t e r  produced  by th e  r i c e  p l a n t s  a l s o  
i n c r e a s e d .
Under c o n t i n u o u s  f l o o d i n g  c o n d i t i o n s ,  the  a p p l i c a t i o n  o f  z i n c  
r e s u l t e d  i n  a r e d u c t i o n  in  th e  manganese  to  i r o n  r a t i o  o f  t h e  r i c e  
p l a n t s .  S i n c e  the  manganese  to  i r o n  r a t i o  a ppeared  to  be r e l a t e d  to  
th e  p r o d u c t i o n  o f  dry  m a t t e r ,  t h e  i n f l u e n c e  o f  a p p l i c a t i o n s  o f  z i n c  
on the  manganese to  i r o n  r a t i o  may o f f e r  some e x p l a n a t i o n  f o r  the  o b ­
s e r v e d  d e c r e a s e  i n  t h e  amount o f  dry  m a t t e r  produced  by the  r i c e  p l a n t s  
grown under c o n t i n u o u s  f l o o d i n g  where  z i n c  was a p p l i e d .  On the  n on­
f l o o d e d  s o i l ,  t h e  a p p l i c a t i o n  o f  z i n c  d i d  n o t  h a v e  a s i g n i f i c a n t  i n ­
f l u e n c e  on th e  manganese to  i r o n  r a t i o  o f  th e  r i c e  p l a n t s .  The
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Table II. Tin' effects of water treatments and applications el
manganese dioxide and zinc sulfate on the production of 
dry matter, the concentration of manganese and iron, and 
the manganese to iron ratio in Saturn rice plants grown 
on Crowley silt loam.
Treatmen t
Dry
M a t t e r
C o n c e n t r a t i o n  
Mn F e
Mn: Fe 
Ra t i o
g / p o t -  - -ppm- - -
U n f looded 7 .1 211 133 1 .59
C ont inuous  f l o o d i n g 1 5 . 0 1127 162 6 . 9 6
A l t e r n a t e  d r a i n a g e 10.  7 673 228 2 .95
C ont inuous  f l o o d i n g  
and MnC>2 _1/ 1 5 . 0 1505 164 9 .  18
C ont inuous  f l o o d i n g  
and ZnSO^ 2 / 1 3 .7 895 223 4 . 0 1
N on f looded  and ZnSO/,-+ 2 /  7 . 8 192 133 1 .4 4
LSD, 57. 1.3 192 21
1 /  MnO? was added a t  a 
per* p o t .
r a t e  e q u i v a l e n t t o  0 . 57» o f  the  amount o f  s o i l
2 /  ZnSO/ was added a t  
—  >-+
a r a t e  e q u i v a l e n t to 5 ppm o f  Zn.
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a p p l i c a t i o n  o f  MnC  ^ r e s u l t e d  i n  a s i g n i f i c a n t  i n c r e a s e  i n  the  manganese  
to  i r o n  r a t i o  o f  t h e  r i c e  p l a n t s .  However,  t h e  i n c r e a s e  i n  th e  man­
g a n e s e  to i r o n  r a t i o  was n o t  a s s o c i a t e d  w i t h  an i n c r e a s e  in  the  p r o ­
d u c t i o n  o f  dry m a t t e r  by the  r i c e  p l a n t s .
I t  h a s  been  n o t e d  t h a t  when compared to  o t h e r  agronom ic  c r o p s ,  
r i c e  h as  a r e l a t i v e l y  h i g h  r e q u i r e m e n t  and t o l e r a n c e  to  manganese  
( C l a r k  e t  a l . ,  1 9 5 7 ) .  The r e l a t i o n s h i p  b e tw e e n  the  p r o d u c t i o n  o f  dry  
m a t t e r  and the  c o n c e n t r a t i o n  o f  manganese  i n  S a t u r n  r i c e  p l a n t s  grown 
und er  d i f f e r e n t  w a t e r ,  z i n c ,  and manganese  t r e a t m e n t s  on Crowley s i l t  
loam i s  shown in  F i g u r e  8 .  A h i g h l y  s i g n i f i c a n t  p o s i t i v e  r e l a t i o n s h i p  
be tw e e n  the  manganese  c o n c e n t r a t i o n  and th e  p r o d u c t i o n  o f  dry  m a t t e r  
by th e  r i c e  p l a n t s ,  r = 0 . 8 9 5 ,  was found i n  th e  e x p e r i m e n t .  The d a ta  
i n d i c a t e d  t h a t  as  th e  c o n c e n t r a t i o n  o f  manganese  i n c r e a s e d  i n  the  
r i c e  p l a n t s ,  t h e  amount o f  dry  m a t t e r  produced  t en ded  t o  i n c r e a s e .
The r e s u l t s  s u g g e s t e d  t h a t  th e  " a v a i l a b i l i t y ” o f  manganese may have  
been  a l i m i t i n g  f a c t o r  i n  t h e  growth o f  t h e  r i c e  p l a n t s  und er  the  
c o n d i t i o n s  o f  t h e  t r e a t m e n t s  where lo w e r  m anganese  c o n c e n t r a t i o n s  
were  o b s e r v e d .
The c o n c e n t r a t i o n  o f  manganese  i n  th e  r i c e  p l a n t s  grown on the  
c o n t i n u o u s l y  f l o o d e d  s o i l  was c o n s i d e r a b l y  g r e a t e r  than t h a t  o f  the  
p l a n t s  grown on t h e  s o i l  t h a t  was a l t e r n a t e l y  d r a i n e d  o r  on the  non­
f l o o d e d  s o i l .  The amount o f  dry  m a t t e r  produced  was a l s o  c o n s i d e r a b l y  
g r e a t e r .  I t  seems r e a s o n a b l e  to  assume t h a t  th e  i n c r e a s e d  " a v a i l a b i l ­
i t y "  o f  manganese,  a s  i n f l u e n c e d  by c o n t i n u o u s  f l o o d i n g ,  was a s i g n i ­
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10 Nonflooded and ZnSO
A l t e r n a t e  d r a in a g e
Continuous  f l o o d i n g  and ZnSO
Continuous  f l o o d i n g
Continuou s  f l o o d i n g  and MnO
0 10005 0 0 1 5 0 0
Mn C o n c e n t r a t i o n  , P P m
F i g u r e  8 .  The r e l a t i o n s h i p  b e t w e e n  t h e  p r o d u c t i o n  o f  d r y  m a t t e r  and t h e  c o n c e n t r a t i o n  o f  ma n ­
g a n e s e  i n  S a t u r n  r i c e  p l a n t s  g r o wn  u n d e r  d i f f e r e n t  w a t e r ,  Zn,  and Mn t r e a t m e n t s .
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a s s u m p t i o n  i s  f u r t h e r  s u b s t a n t i a t e d  by the  f a c t  t h a t  a h i g h l y  s i g n i f i ­
c a n t  p o s i t i v e  r e l a t i o n s h i p  between manganese  u p t a k e  and th e  p r o d u c t i o n  
o f  dry  m a t t e r ,  r = 0 . 9 3 7 ,  was o b t a i n e d  in  the  e x p e r im e n t .
I t  had been  n o t e d  in  a p r e v i o u s  d i s c u s s i o n  o f  the  d a t a  presented 
i n  T a b le  10 t h a t  u n d er  c o n t i n u o u s  f l o o d i n g  c o n d i t i o n s ,  th e  a p p l i c a t i o n  
o f  z i n c  r e s u l t e d  in  a s i g n i f i c a n t  d e c r e a s e  i n  the amount of dry m a t t e r  
produced  by th e  r i c e  p l a n t s .  The i n f l u e n c e  o f  a p p l i c a t i o n s  o f  z i n c  
on th e  manganese  to  i r o n  r a t i o  h a s  been  d i s c u s s e d  and o f f e r e d  as  a 
p o s s i b l e  e x p l a n a t i o n  f o r  the  o b s e r v e d  d e c r e a s e  in  dry m a t t e r  p r o d u c ­
t i o n .  A s e c o n d  and c l o s e l y  r e l a t e d  e x p l a n a t i o n  f o r  th e  o b s e r v e d  d e ­
c r e a s e  in  the  dry  m a t t e r  p r o d u c t i o n  i s  e v i d e n t  i f  the  i n f l u e n c e  o f  
a p p l i e d  z i n c  on the  manganese  c o n c e n t r a t i o n  i n  the r i c e  p l a n t s  i s  
c o n s i d e r e d .  Under c o n d i t i o n s  o f  c o n t i n u o u s  f l o o d i n g ,  th e  a p p l i c a t i o n  
o f  z i n c  r e s u l t e d  in  a s t a t i s t i c a l l y  s i g n i f i c a n t  r e d u c t i o n  i n  b o t h  the  
c o n c e n t r a t i o n  and t h e  u p t a k e  o f  manganese  by the  r i c e  p l a n t s .  As 
p r e v i o u s l y  s t a t e d ,  h i g h l y  s i g n i f i c a n t  p o s i t i v e  r e l a t i o n s h i p s  between  
manganese c o n c e n t r a t i o n  and dry m a t t e r  p r o d u c t i o n  and b e tw e e n  mangan­
e s e  u p ta k e  and dry  m a t t e r  produced by t h e  r i c e  p l a n t s  were  found .  
T h e r e f o r e ,  i t  seems r e a s o n a b l e  to assume t h a t  any f a c t o r  wh ich  tended  
t o  r e d u c e  th e  c o n c e n t r a t i o n  a n d / o r  t h e  u p t a k e  o f  manganese  by th e  
r i c e  p l a n t s  would a l s o  tend to  r e d u c e  t h e  amount o f  dry  m a t t e r  p r o ­
d u c e d .  Th is  would  i n f e r  t h a t  t h e  a p p l i c a t i o n  o f  z i n c ,  under  c o n t i n ­
uous  f l o o d i n g  c o n d i t i o n s ,  r e s u l t e d  i n  a d e c r e a s e  i n  dry  m a t t e r  
p r o d u c t i o n  b e c a u s e  o f  th e  i n f l u e n c e  o f  z i n c  on t h e  c o n c e n t r a t i o n  and 
th e  u p t a k e  o f  manganese  by the  r i c e  p l a n t s .  S t a t i s t i c a l l y  s i g n i f i c a n t
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n e g a t i v e  r e l a t i o n s h i p s  b e tw e e n  z i n c  c o n c e n t r a t i o n  and manganese  c o n ­
c e n t r a t i o n  , r= - 0 . 5 0 4 ,  and betw een  z i n c  c o n c e n t r a t i o n  and manganese  
u p t a k e ,  r = - 0 . 4 7 5 ,  w ere  o b t a i n e d  in  th e  e x p e r i m e n t .  T h is  s t r e n g t h e n s  
t h e  f e a s i b i l i t y  o f  a t t e m p t i n g  to  e x p l a i n  th e  r e d u c t i o n  in  dry  m a t t e r  
p r o d u c t i o n  by t h e  i n f l u e n c e  o f  z i n c  on t h e  c o n c e n t r a t i o n  and the u p ­
tak e  o f  manganese  by t h e  r i c e  p l a n t s .  However,  no e x p l a n a t i o n  can  
be o f f e r e d  a s  t o  why t h e  a p p l i c a t i o n  o f  z i n c ,  under  c o n d i t i o n s  o f  
c o n t i n u o u s  f l o o d i n g ,  r e s u l t e d  i n  a s i g n i f i c a n t  r e d u c t i o n  in the  c o n ­
c e n t r a t i o n  and u p t a k e  o f  manganese  w h i l e  on t h e  n o n f l o o d e d  s o i l  the  
a p p l i c a t i o n  o f  z i n c  had no s i g n i f i c a n t  i n f l u e n c e  on e i t h e r  t h e  c o n ­
c e n t r a t i o n  o r  t h e  u p t a k e  o f  manganese  by t h e  r i c e  p l a n t s .
The z i n c  c o n c e n t r a t i o n  o f  t h e  p l a n t s  grown und er  c o n d i t i o n s  o f  
c o n t i n u o u s  f l o o d i n g  was s i g n i f i c a n t l y  l ow e r  than  t h a t  o f  t h e  p l a n t s  
grown on t h e  n o n f l o o d e d  s o i l .  I s h i z u k a  and Ando (1 9 6 8 )  r e p o r t e d  t h a t  
h i g h  l e v e l s  o f  manganese  tended to s u p p r e s s  z i n c  a b s o r p t i o n  by r i c e  
p l a n t s  grown i n  n u t r i e n t  s o l u t i o n s .  The d a t a  p r e s e n t e d  i n  T a b le  10 
and F i g u r e  8 i n d i c a t e d  t h a t  f l o o d i n g  i n c r e a s e d  t h e  a v a i l a b i l i t y  o f  
m anganese .  I t  i s  p o s s i b l e  t h a t  t h e  i n c r e a s e d  a v a i l a b i l i t y  o f  man­
g a n e s e  i n t e r f e r e d  w i t h  t h e  a b s o r p t i o n  o f  z i n c  w i t h  a r e s u l t a n t  d e ­
c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  z i n c .  However,  t h i s  may be  q u e s t i o n a b l e  
s i n c e  the  t o t a l  u p t a k e  o f  z i n c  by t h e  r i c e  p l a n t s  was s i g n i f i c a n t l y  
i n c r e a s e d  when the  p l a n t s  w ere  grown und er  f l o o d e d  c o n d i t i o n s .  I t  
may be t h a t  th e  z i n c  c o n c e n t r a t i o n  in  t h e  r i c e  p l a n t s  grown under  
c o n d i t i o n s  o f  c o n t i n u o u s  f l o o d i n g  was l o w e r  b e c a u s e  the  p r o d u c t i o n  o f  
dry m a t t e r  was g r e a t e r  than t h a t  o f  t h e  p l a n t s  grown under n o n f l o o d e d  
c o n d i  t i o n s .
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The e f f e c t s  o f  a p p l i c a t i o n s  o f  o r g a n i c  m a t t e r  and z i n c  on the  
p r o d u c t i o n  o f  dry  m a t t e r  and on the  c o n c e n t r a t i o n  and the u p t a k e  o f  
z i n c ,  i r o n ,  and manganese by S a tu r n  r i c e  p l a n t s  grown on Crowley s i l t  
loam, sample  no .  21 ,  und er  f l o o d e d  c o n d i t i o n s  a r e  p r e s e n t e d  in  T a b le  12.
The d a t a  i n d i c a t e d  t h a t ,  when compared to th e  amount o f  dry m at ­
t e r  produced by t h e  p l a n t s  grown on t h e  u n t r e a t e d  s o i l ,  th e  amount o f  
dry  m a t t e r  produced was s i g n i f i c a n t l y  reduced  by the  a p p l i c a t i o n  o f  
soyb e an  l e a v e s ,  r i c e  s t r a w ,  o r  c e l l u l o s e .  The a p p l i c a t i o n  o f  r i c e  
s t r a w  r e s u l t e d  in  a s t a t i s t i c a l l y  s i g n i f i c a n t  d e c r e a s e  in  dry  m a t t e r  
p r o d u c t i o n  when compared to t h a t  produced  when soyb e an  l e a v e s  were  
a p p l i e d .  The a p p l i c a t i o n  o f  c e l l u l o s e  r e s u l t e d  in  a s t a t i s t i c a l l y  s i g ­
n i f i c a n t  d e c r e a s e  i n  dry  m a t t e r  p r o d u c t i o n  when compared to t h a t  p r o ­
duced where e i t h e r  r i c e  s t r a w  o r  s o y b e a n  l e a v e s  w ere  a p p l i e d .  The 
amount o f  dry m a t t e r  produced  by t h e  p l a n t s  grown on s o i l  t h a t  r e ­
c e i v e d  an a p p l i c a t i o n  o f  z i n c  was s i g n i f i c a n t l y  g r e a t e r  than t h a t  
produced  by t h e  p l a n t s  o f  any o t h e r  t r e a t m e n t .  T h is  s u g g e s t e d  t h a t  
t h e  a v a i l a b i l i t y  o f  i n d i g e n o u s  z i n c  i n  th e  Crowley s i l t  loam was a t  
a c r i t i c a l  l e v e l .
The a p p l i c a t i o n  o f  soyb e an  l e a v e s  r e s u l t e d  i n  a s l i g h t ,  but  
n o n s i g n i f i c a n t  i n c r e a s e  in  th e  c o n c e n t r a t i o n  o f  z i n c  in  the  r i c e  
p l a n t s  when compared t o  th e  z i n c  c o n c e n t r a t i o n  o f  t h e  p l a n t s  grown 
on t h e  u n t r e a t e d  s o i l .  The a p p l i c a t i o n  o f  r i c e  s t r a w  and c e l l u l o s e  
r e s u l t e d  in  a n o n s i g n i f i c a n t  d e c r e a s e  i n  th e  c o n c e n t r a t i o n  o f  z i n c  
in  the  r i c e  p l a n t s .  The c o n c e n t r a t i o n  o f  z i n c  i n  the  r i c e  p l a n t s  
grown on s o i l  t h a t  r e c e i v e d  an a p p l i c a t i o n  o f  soybean  l e a v e s  was
Tab le  12. The e f f e c t s  o f  a p p l i c a t i o n s  o f  o r g a n i c  m a t t e r  and z in c  on the p r o d u c t io n  o f  dry m a t t e r  
and on the  c o n c e n t r a t i o n  and the uptake  o f  z i n c ,  i r o n ,  and manganese by Saturn  r i c e  
p l a n t s  grown on Crowley s i l t  loam under f l o o d e d  c o n d i t i o n s .
Dry C o n c e n t r a t i o n Uptake
Treatment M atter Zn Fe Mn Zn Fe Mn
g / p o t - -■ - - - ppm- - - - - - - - - m g /p o t -  - - -
Soybean l e a v e s  _1/ 7 . 7 43 150 608 0 . 3 3 1 .15 4 . 6 8
R ic e  s t r a w  J./ 7 .1 34 114 232 0 . 2 4 0 .8 1 1 .6 5
C e l l u l o s e  1/ 6 . 4 38 152 1377 0 . 2 4 0 . 9 7 8 . 8 2
Zinc  2 / 1 0 .5 111 156 489 1 .16 1 .6 4 5.  13
Check 9 . 5 40 174 892 0 . 3 8 1 .65 8 . 4 7
LSD, 5% 0 . 6 7 24 93 0 . 1 0 0 . 2 6 1 .0 5
1 /  R ates  e q u i v a l e n t to  17o o f  the amount o f  s o i l p e r  pot  were a d d e d .
2 /  Zinc  was added as ZnSO^ a t  a r a t e  e q u i v a l e n t to 5 ppm Zn.
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s i g n i f i c a n t l y  g r e a t e r  than t h a t  o f  t h e  p l a n t s  grown on s o i l  t h a t  had 
r e c e i v e d  an a p p l i c a t i o n  o f  r i c e  s t r a w  o r  c e l l u l o s e .  The a p p l i c a t i o n  
of z i n c  r e s u l t e d  i n  a h i g h l y  s i g n i f i c a n t  i n c r e a s e  in  the  c o n c e n t r a ­
t i o n  of z i n c  in  the r i c e  p l a n t s .
The u p t a k e  o f  z i n c  was s i g n i f i c a n t l y  reduced  by the  a p p l i c a ­
t i o n  o f  r i c e  s t r a w  o r  c e l l u l o s e  when compared to  t h e  u p t a k e  o f  z i n c  
by the  p l a n t s  grown on t h e  u n t r e a t e d  s o i l .  The a p p l i c a t i o n  o f  s o y ­
bean l e a v e s  d i d  n o t  s i g n i f i c a n t l y  r e d u c e  th e  u p t a k e  o f  z i n c .  The 
d i f f e r e n c e s  b e tw e e n  t h e  u p t a k e  o f  z i n c  by th e  r i c e  p l a n t s  grown on 
s o i l  t h a t  had r e c e i v e d  a p p l i c a t i o n s  o f  s o y b e a n  l e a v e s ,  r i c e  s t r a w ,  or  
c e l l u l o s e  were  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  The a p p l i c a t i o n  o f  
z i n c  r e s u l t e d  i n  a h i g h l y  s i g n i f i c a n t  i n c r e a s e  i n  th e  u p t a k e  o f  z i n c .
The l o w e s t  c o n c e n t r a t i o n  o f  i r o n  in  t h e  r i c e  p l a n t s  o c c u r r e d  
in  the  p l a n t s  grown on s o i l  t h a t  r e c e i v e d  an a p p l i c a t i o n  o f  r i c e  s t r a w .  
The c o n c e n t r a t i o n  o f  i r o n  i n  t h e s e  p l a n t s  was s i g n i f i c a n t l y  low er  than 
t h a t  o f  t h e  p l a n t s  grown on t h e  u n t r e a t e d  s o i l  o r  on t h e  s o i l  t h a t  
was t r e a t e d  w i t h  the  o t h e r  amendments.  The c o n c e n t r a t i o n  o f  i r o n  in  
t h e  p l a n t s  grown on s o i l  which  had r e c e i v e d  an a p p l i c a t i o n  o f  soybean  
l e a v e s  was s i g n i f i c a n t l y  lo w e r  than t h a t  o f  t h e  p l a n t s  grown on un­
t r e a t e d  s o i l .  The r e d u c t i o n  in  the  c o n c e n t r a t i o n  o f  i r o n  in the  r i c e  
p l a n t s  grown on s o i l  t h a t  r e c e i v e d  an a p p l i c a t i o n  o f  c e l l u l o s e  was n o t  
s t a t i s t i c a l l y  s i g n i f i c a n t ;  h o w e v e r ,  t h e  r e d u c t i o n  approached  s t a t i s t i ­
c a l  s i g n i f i c a n c e .  The d i f f e r e n c e s  i n  the  c o n c e n t r a t i o n  o f  i r o n  in  the  
p l a n t s  grown on s o i l  t h a t  had r e c e i v e d  a p p l i c a t i o n s  o f  soybean  l e a v e s
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o r  c e l l u l o s e  were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  The a p p l i c a t i o n  o f  
z i n c  d id  n o t  h a v e  a s i g n i f i c a n t  i n f l u e n c e  on th e  c o n c e n t r a t i o n  o f  
i r o n  in  the  r i c e  p l a n t s .
The u p t a k e  o f  i r o n  by th e  r i c e  p l a n t s  grown on s o i l  t h a t  r e ­
c e i v e d  an a p p l i c a t i o n  o f  r i c e  s t r a w  o r  c e l l u l o s e  was s i g n i f i c a n t l y  
low er  than t h a t  o f  t h e  p l a n t s  grown on s o i l  t h a t  r e c e i v e d  an a p p l i ­
c a t i o n  o f  soybean  l e a v e s .  When compared to  t h e  i r o n  u p t a k e  by the  
p l a n t s  grown on u n t r e a t e d  s o i l ,  the  i r o n  u p t a k e  was s i g n i f i c a n t l y  
redu c e d  by the  a p p l i c a t i o n  o f  soyb e an  l e a v e s .  The a p p l i c a t i o n  o f  
z i n c  had no s i g n i f i c a n t  i n f l u e n c e  on th e  u p t a k e  o f  i r o n  by th e  r i c e  
p l a n t s .
The l o w e s t  c o n c e n t r a t i o n  o f  manganese o c c u r r e d  i n  the  p l a n t s  
grown on s o i l  t h a t  r e c e i v e d  an a p p l i c a t i o n  o f  r i c e  s t r a w .  The c o n ­
c e n t r a t i o n  o f  manganese i n  the  p l a n t s  grown on t h e  s o i l  t h a t  r e c e i v e d  
r i c e  s t r a w  was s i g n i f i c a n t l y  low er  than t h a t  o f  t h e  p l a n t s  grown on 
the  s o i l  t r e a t e d  w i t h  any o f  t h e  o t h e r  amendments o r  on the  u n t r e a t e d  
s o i l .  The c o n c e n t r a t i o n  o f  manganese  i n  th e  p l a n t s  grown on s o i l  
t h a t  r e c e i v e d  an a p p l i c a t i o n  o f  z i n c  was s i g n i f i c a n t l y  low er  than  
t h a t  o f  p l a n t s  grown on th e  u n t r e a t e d  s o i l  o r  on s o i l  t h a t  r e c e i v e d  
an a p p l i c a t i o n  o f  s o y b e a n  l e a v e s  o r  c e l l u l o s e .  When compared to the  
c o n c e n t r a t i o n  o f  manganese  i n  th e  p l a n t s  grown on u n t r e a t e d  s o i l ,  the  
a p p l i c a t i o n  o f  so y b e a n  l e a v e s  r e s u l t e d  i n  a s i g n i f i c a n t  r e d u c t i o n  in  
the  manganese c o n c e n t r a t i o n .  The a p p l i c a t i o n  o f  c e l l u l o s e  r e s u l t e d  
in  a h i g h l y  s i g n i f i c a n t  i n c r e a s e  i n  the  c o n c e n t r a t i o n  o f  manganese  
in  t h e  r i c e  p l a n t s .
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The u p t a k e  o f  manganese  by th e  r i c e  p l a n t s  grown on the  s o i l  
t h a t  r e c e i v e d  an a p p l i c a t i o n  o f  r i c e  s t r a w  was s i g n i f i c a n t l y  lower
than t h a t  o f  th e  p l a n t s  grown on th e  u n t r e a t e d  s o i l  o r  on th e  s o i l
t r e a t e d  w i t h  the  o t h e r  amendments.  A s i g n i f i c a n t  d i f f e r e n c e  was not  
o b t a i n e d  betw een  th e  u p t a k e  o f  manganese  by th e  p l a n t s  grown on s o i l  
t h a t  r e c e i v e d  an a p p l i c a t i o n  o f  z i n c  and the  p l a n t s  grown on s o i l
t h a t  r e c e i v e d  an a p p l i c a t i o n  o f  s o y b e a n  l e a v e s .  However,  the  uptak e
o f  manganese  by t h e  p l a n t s  grown on s o i l  t h a t  r e c e i v e d  an a p p l i c a t i o n  
o f  z i n c  o r  s o y b e a n s  was s i g n i f i c a n t l y  lo w e r  than t h a t  o f  th e  p l a n t s  
grown on the  u n t r e a t e d  s o i l .  When compared t o  t h e  u p t a k e  o f  manganese  
by th e  r i c e  p l a n t s  grown on u n t r e a t e d  s o i l ,  t h e  a p p l i c a t i o n  o f  c e l l u ­
l o s e  d i d  n o t  h a v e  a s i g n i f i c a n t  i n f l u e n c e  on manganese u p t a k e .
R e se ar ch  c o n d u c t e d  a t  the  I n t e r n a t i o n a l  R ic e  R e s e a r c h  I n s t i t u t e  
( 1970 )  i n d i c a t e d  t h a t  the  a p p l i c a t i o n  o f  o r g a n i c  m a t t e r  to  s o i l s ,  which  
had a low z i n c  s u p p l y i n g  c a p a c i t y ,  r e s u l t e d  i n  a d e c r e a s e  in  the  dry  
m a t t e r  p r o d u c t i o n  by r i c e  p l a n t s .  They o b s e r v e d  t h a t  the  a p p l i c a t i o n  
o f  o r g a n i c  m a t t e r  r e s u l t e d  i n  a s i g n i f i c a n t  r e d u c t i o n  i n  the  c o n c e n ­
t r a t i o n  and u p ta k e  o f  z i n c  by t h e  r i c e  p l a n t s .  They s u g g e s t e d  t h a t  
th e  i n f l u e n c e  o f  a p p l i c a t i o n s  o f  o r g a n i c  m a t t e r  on dry  m a t t e r  p r o d u c ­
t i o n  was a r e s u l t  o f  th e  i n f l u e n c e  o f  o r g a n i c  m a t t e r  on t h e  a v a i l ­
a b i l i t y  o f  z i n c .
S i n c e  the  a p p l i c a t i o n  o f  z i n c  r e s u l t e d  in  a s i g n i f i c a n t  i n c r e a s e  
in  th e  dry  m a t t e r  produced  by th e  p l a n t s ,  i t  seems r e a s o n a b l e  to  assume  
t h a t  th e  a v a i l a b i l i t y  o f  z i n c  i n  t h e  Crowley  s i l t  loam, sample  no .  21 ,  
u s e d  in  th e  r e p o r t e d  e x p e r i m e n t  was n o t  a t  a l e v e l  s u f f i c i e n t  f o r
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optimum p r o d u c t i o n  o f  dry m a t t e r .  The d a t a  p r e s e n t e d  i n  T ab le  12 
i n d i c a t e d  t h a t ,  a l t h o u g h  t h e  a p p l i c a t i o n  o f  so y b e a n  l e a v e s ,  r i c e  
s t r a w ,  or c e l l u l o s e  t o  t h e  Crowley  s i l t  loam d i d  n o t  s i g n i f i c a n t l y  
reduce th e  c o n c e n t r a t i o n  o f  z i n c  i n  th e  p l a n t s ,  t h e  a p p l i c a t i o n  of  
rice s t r a w  or  c e l l u l o s e  r e s u l t e d  i n  a s i g n i f i c a n t  r e d u c t i o n  i n  th e  
u p ta k e  o f  z i n c .  The a p p l i c a t i o n  o f  so y b e a n  l e a v e s  d i d  n o t  s i g n i f i ­
c a n t l y  r e d u c e  t h e  u p t a k e  o f  z i n c .  T h i s  r a i s e d  t h e  q u e s t i o n  o f  w h e t h ­
er  or n o t  t h e  a p p l i c a t i o n  o f  o r g a n i c  m a t t e r  had a d i r e c t  i n f l u e n c e  
on t h e  " a v a i l a b i l i t y "  o f  z i n c .  The f a c t  t h a t  t h e  a p p l i c a t i o n  o f  r i c e  
s t r a w  or c e l l u l o s e  r e s u l t e d  i n  a s i g n i f i c a n t  d e c r e a s e  i n  t h e  t o t a l  
u ptak e  o f  z i n c  may be an i n d i c a t i o n  t h a t  t h e  " a v a i l a b i l i t y "  o f  z i n c  
was l i m i t e d .  However,  t h e r e  i s  a d i s t i n c t  p o s s i b i l i t y  t h a t  t h e  ap ­
p l i c a t i o n  o f  o r g a n i c  m a t t e r  had an i n f l u e n c e  on p l a n t  growth  o t h e r  
than  i t s  i n f l u e n c e  on t h e  " a v a i l a b i l i t y "  o f  z i n c .  T h e r e f o r e ,  t h e  r e ­
d u c t i o n  i n  t h e  u p t a k e  o f  z i n c ,  f o l l o w i n g  t h e  a p p l i c a t i o n  o f  o r g a n i c  
m a t t e r ,  may have  b een  a r e s u l t  o f  a d e c r e a s e  i n  dry  m a t t e r  p r o d u c ­
t i o n  c a u s e d  by t h e  i n f l u e n c e  o f  o r g a n i c  m a t t e r  on a n u t r i e n t  e l e m e n t  
o t h e r  th an  z i n c .
U s i n g  u p ta k e  as  a c r i t e r i o n  f o r  e v a l u a t i n g  " a v a i l a b i l i t y " ,  t h e  
r e s u l t s  i n d i c a t e d  t h a t  w i t h  t h e  e x c e p t i o n  o f  t h e  i n f l u e n c e  o f  c e l l u ­
l o s e  on manganese  u p t a k e ,  and t h e  i n f l u e n c e  o f  s o y b e a n  l e a v e s  on z i n c  
u p t a k e ,  t h e  a p p l i c a t i o n  o f  o r g a n i c  m a t t e r  t e n d e d  t o  r e d u c e  t h e  " a v a i l ­
a b i l i t y "  o f  z i n c ,  i r o n ,  and m anganese .  There  a r e  s e v e r a l  s u g g e s t i o n s  
t h a t  may be o f f e r e d  to  e x p l a i n  t h e  i n f l u e n c e  o f  o r g a n i c  m a t t e r .  The 
s t i m u l a t i o n  o f  s o i l  m i c r o - o r g a n i s m s  by t h e  a p p l i c a t i o n  o f  o r g a n i c  
m a t t e r  may have  r e s u l t e d  i n  t h e  i m m o b i l i z a t i o n  o f  z i n c ,  i r o n ,  and
84
manganese  to  a l e v e l  where t h e i r  a v a i l a b i l i t y  was l i m i t e d .  B i o l o g i ­
c a l  d e c o m p o s i t i o n  o f  o r g a n i c  m a t t e r  may h a v e  r e s u l t e d  in  th e  forma­
t i o n  o f  compounds c a p a b l e  o f  c h e l a t i n g  o r  c o m p le x i n g  z i n c ,  i r o n ,  and 
manganese i n t o  forms t h a t  c o u l d  n o t  be a b s o r b e d  or  u t i l i z e d  by the  
r i c e  p l a n t s .  The f o r m a t io n  o f  d i f f e r e n t  t y p e s  o f  compounds from the  
d e c o m p o s i t i o n  o f  s o y b e a n  l e a v e s ,  r i c e ,  s t r a w ,  and c e l l u l o s e  may a c ­
c o u n t  f o r  t h e  v a r i a t i o n  in  the  i n f l u e n c e  o f  t h e  a p p l i c a t i o n  o f  t h e s e  
m a t e r i a l s  on t h e  u p t a k e  o f  z i n c ,  i r o n ,  and m anganese .  However, an 
e x p l a n a t i o n  i s  n o t  g i v e n  a s  t o  why t h e  a p p l i c a t i o n  o f  c e l l u l o s e  tended  
t o  i n c r e a s e  th e  u p t a k e  o f  manganese  w h i l e  t h e  a p p l i c a t i o n  o f  soybean  
l e a v e s  o r  r i c e  s t r a w  r e s u l t e d  in  a s i g n i f i c a n t  d e c r e a s e  in  the uptak e  
o f  manganese .
The e f f e c t s  o f  a p p l i c a t i o n s  o f  z i n c  on t h e  p r o d u c t i o n  o f  dry  
m a t t e r  and on t h e  c o n c e n t r a t i o n  and the  u p t a k e  o f  z i n c ,  i r o n ,  and 
manganese by n i n e  v a r i e t i e s  o f  r i c e  p l a n t s  grown on Crowley s i l t  loam,  
sample  no .  21 ,  under  f l o o d e d  c o n d i t i o n s  a r e  p r e s e n t e d  in  T ab le  13.
The d a t a  i n d i c a t e d  t h a t  t h e  a p p l i c a t i o n  o f  z i n c  r e s u l t e d  in  a 
s i g n i f i c a n t  i n c r e a s e  i n  t h e  amount o f  dry  m a t t e r  produced by t h e  p l a n t s  
o f  th e  t h r e e  s h o r t  g r a i n  v a r i e t i e s ,  T a ic h u n g  N a t i v e  # 1 ,  C a l u s a ,  and 
C a l o r o .  A s i g n i f i c a n t  i n c r e a s e  i n  dr y  m a t t e r  p r o d u c t i o n ,  a s  a r e s u l t  
o f  th e  a p p l i c a t i o n  o f  z i n c ,  by t h e  p l a n t s  o f  th e  medium g r a i n  v a r i e ­
t i e s ,  S a t u r n  and V i s t a ,  was a l s o  n o t e d .  The a p p l i c a t i o n  o f  z i n c  
r e s u l t e d  i n  a s i g n i f i c a n t  d e c r e a s e  i n  t h e  amount o f  dry m a t t e r  p r o ­
duced by th e  p l a n t s  o f  t h e  medium gr ad e  v a r i e t y ,  I R - 8 .  The a p p l i c a ­
t i o n  o f  z i n c  r e s u l t e d  i n  a s i g n i f i c a n t  i n c r e a s e  in  the  p r o d u c t i o n  o f
T ab le  13. The e f f e c t s  o f  a p p l i c a t i o n s  o f  z i n c  on the  p r o d u c t io n  o f  dry m a t t e r  and on the c o n c e n t r a ­
t i o n  and the  uptake  o f  z i n c ,  i r o n ,  and manganese by n in e  v a r i e t i e s  o f  r i c e  p l a n t s  grown 
on Crowley s i l t  loam under  f l o o d e d  c o n d i t i o n s .
Zn Dry C o n c e n t r a t i o n Uptake
V a r i e t y Treatment 1 / M atter Zn Fe Mn Zn Fe Mn
g / p o t -  - - - ppm- - - - - - - m g /p o t - - -
S h o r t  Grains
Taichung  N a t i v e  #1 Zn 5 . 3 91 216 1006 0 . 4 8 1 .1 4 5 . 3 3
No Zn 4 . 8 28 224 1107 0 . 1 3 1 .08 5 . 3 1
Calusa Zn 5 . 6 98 197 1005 0 . 5 5 1 .1 0 5 . 6 3
No Zn 4 . 8 49 214 1141 0 . 2 3 1 .0 3 5 . 4 8
Caloro Zn 6 . 5 88 158 872 0 . 5 7 1 .0 3 5 .6 7
No Zn 5 . 5 52 217 1103 0 . 2 8 1 .1 9 6 . 0 7
Medium Grains
Saturn Zn 6 . 7 81 142 1074 0 . 5 4 0 . 9 5 7 .2 0
No Zn 5 . 3 48 164 1254 0.  25 0 . 8 7 6 . 6 5
Vis  ta Zn 5 . 8 74 235 1158 0 . 4 3 1 .3 6 6 . 7 2
No Zn 4 . 4 40 209 1140 0 . 1 8 0 . 9 2 5 .0 1
IR-8 Zn 4 . 9 88 278 296 0 . 4 3 1 .3 6 1 .45




Table  13 (Cont inued)
Zn Dry C o n c e n t r a t i o n Uptake
V a r i e t y Treatment  _!_/ M atter Zn Fe Mn Zn Fe Mn
g / p o t - - - - ppm- -  - - - - - mg/pot - - -
Long Grains
B l u e b e l l e Zn 4 . 6 84 185 786 0 . 3 9 0 . 8 5 3 . 6 2
No Zn 5 . 0 43 186 1063 0 .2 1 0 . 9 3 5 .3 1
S t a r b o n n e t Zn 3 . 8 109 552 459 0 . 4 2 2 . 1 0 1 .7 4
No Zn 4 . 5 40 215 487 0 . 1 8 0 .9 7 2. 19
Dawn Zn 6 . 2 94 229 855 0 .5 8 1 .4 2 5 . 3 0
No Zn 4 . 5 45 240 966 0 . 2 0 1 .0 8 4 . 3 5
LSD, 5% 0 . 5 9 65 160 0 . 0 6 0 . 2 7 0 . 8 7




drv  m a t t e r  by th e  plants  o f  th e  l o n g  g r a i n  v a r i e t y ,  Dawn. The produc­
t i o n  o f  dry  m a t t e r  by the  p l a n t s  o f  th e  l o n g  g r a i n  v a r i e t y ,  B l u e b e l l e ,  
was not  s i g n i f i c a n t l y  a f f e c t e d  by the  a p p l i c a t i o n  o f  z i n c .  The p r o ­
d u c t i o n  o f  dry  m a t t e r  by th e  p l a n t s  o f  the  lon g  g r a i n  v a r i e t y ,  S t a r -  
b o n n e t ,  was s i g n i f i c a n t l y  redu c e d  by th e  a p p l i c a t i o n  o f  z i n c .
The a p p l i c a t i o n  o f  z i n c  r e s u l t e d  in  a s i g n i f i c a n t  i n c r e a s e  in 
the  c o n c e n t r a t i o n  and the  u p t a k e  o f  z i n c  by t h e  p l a n t s  o f  a l l  o f  the  
n i n e  r i c e  v a r i e t i e s .  The h i g h e s t  c o n c e n t r a t i o n  o f  z i n c  o c c u r r e d  in  
t h e  S t a r b o n n e t  p l a n t s  t h a t  r e c e i v e d  an a p p l i c a t i o n  o f  z i n c .  The 
l o w e s t  c o n c e n t r a t i o n  o f  z i n c  o c c u r r e d  i n  th e  Ta ichung  N a t i v e  #1 
p l a n t s  t h a t  d i d  n o t  r e c e i v e  a su p p le m e n t  o f  z i n c .
The i r o n  c o n c e n t r a t i o n  in  a l l  b u t  th e  IR-8  p l a n t s  and the
S t a r b o n n e t  p l a n t s ,  was n o t  s i g n i f i c a n t l y  a f f e c t e d  by the  a p p l i c a t i o n
o f  z i n c .  The i r o n  c o n c e n t r a t i o n  in  th e  IR-8  p l a n t s  and th e  S t a r ­
b o n n et  p l a n t s  was s i g n i f i c a n t l y  i n c r e a s e d  by the  a p p l i c a t i o n  o f  z i n c .  
The a p p l i c a t i o n  o f  z i n c  r e s u l t e d  in  a s i g n i f i c a n t  i n c r e a s e  in  the  up­
ta k e  o f  i r o n  by t h e  p l a n t s  o f  the  I R - 8 ,  V i s t a ,  S t a r b o n n e t ,  and Dawn 
v a r i e t i e s .  The u p t a k e  o f  i r o n  by  t h e  p l a n t s  o f  th e  o t h e r  v a r i e t i e s  
t e s t e d  was n o t  s i g n i f i c a n t l y  a f f e c t e d  by t h e  a p p l i c a t i o n  o f  z i n c .
The c o n c e n t r a t i o n  o f  manganese  in  th e  p l a n t s  o f  the  C a lo r o ,
S a t u r n ,  I R - 8 ,  and B l u e b e l l e  v a r i e t i e s  was s i g n i f i c a n t l y  reduced  by 
th e  a p p l i c a t i o n  o f  z i n c .  The c o n c e n t r a t i o n  o f  manganese i n  the  p l a n t s  
o f  th e  o t h e r  v a r i e t i e s  t e s t e d  was n o t  s i g n i f i c a n t l y  a f f e c t e d  by the  
a p p l i c a t i o n  o f  z i n c .  The u p t a k e  o f  manganese  by th e  p l a n t s  o f  the  
V i s t a  and Dawn v a r i e t i e s  was s i g n i f i c a n t l y  i n c r e a s e d  by th e  a p p l i c a ­
t i o n  o f  z i n c .  The a p p l i c a t i o n  o f  z i n c  r e s u l t e d  in  a s i g n i f i c a n t
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d e c r e a s e  in th e  u p ta k e  o f  manganese  by th e  p l a n t s  o f  the  IR-8  and 
B l u e b e l l e  v a r i e t i e s .  The a p p l i c a t i o n  o f  z i n c  had no s i g n i f i c a n t  i n ­
f l u e n c e  on th e  u p t a k e  o f  manganese  by th e  T a ic h u n g  N a t i v e  # 1 ,  C a lu s a ,  
C a l o r o ,  S a t u r n ,  and S t a r b o n n e t  p l a n t s .
The a p p l i c a t i o n  o f  z i n c  r e s u l t e d  i n  a s i g n i f i c a n t  d e c r e a s e  in  
the  p r o d u c t i o n  o f  dry  m a t t e r  by the  p l a n t s  o f  t h e  IR-8 and S t a r b o n n e t  
v a r i e t i e s .  A c c o r d i n g  to  Tanaka,  L o e , and N a v a s e r o  (1 9 6 6 )  and Yosh ida  
e t  a l .  ( 1 9 7 2 ) ,  t h e  p o s s i b i l i t y  o f  i r o n  t o x i c i t y  in  r i c e  p l a n t s  e x i s t s  
when the  i r o n  c o n c e n t r a t i o n  i s  300 ppm o r  g r e a t e r .  I n t e r p r e t a t i o n  o f  
th e  d a t a  p r e s e n t e d  in  T a b le  13 s u g g e s t e d  t h a t  t h e  a p p l i c a t i o n  o f  z i n c  
may h a v e  r e s u l t e d  in  an i n c r e a s e  in  t h e  c o n c e n t r a t i o n  o f  i r o n  in  the  
p l a n t s  o f  t h e  IR-8  and S t a r b o n n e t  v a r i e t i e s  to  a t o x i c  l e v e l .
The i r o n  c o n c e n t r a t i o n  i n  t h e  S t a r b o n n e t  p l a n t s  was i n c r e a s e d  
from 215 to  552 ppm by th e  a p p l i c a t i o n  o f  z i n c .  T h is  i n d i c a t e d  t h a t  
t h e  c o n c e n t r a t i o n  o f  i r o n  in  t h e  p l a n t s  o f  t h e  S t a r b o n n e t  v a r i e t y ,  
grown on s o i l  t h a t  r e c e i v e d  an a p p l i c a t i o n  o f  z i n c  was a t  a t o x i c  
l e v e l .  The i r o n  c o n c e n t r a t i o n  i n  the  p l a n t s  o f  t h e  IR-8 v a r i e t y  was  
i n c r e a s e d  from 150 to  278 ppm by th e  a p p l i c a t i o n  o f  z i n c .  A l th ou gh  
th e  i r o n  c o n c e n t r a t i o n  in  the  p l a n t s  o f  t h e  IR -8  v a r i e t y  was b e lo w  the  
assumed t o x i c i t y  l e v e l  o f  300 ppm, i t  i s  p o s s i b l e  t h a t  the  c o n c e n t r a ­
t i o n  o f  278 ppm o f  i r o n  was a p p r o a c h i n g  t o x i c i t y  and t en ded  to d e p r e s s  
th e  p r o d u c t i o n  o f  dry  m a t t e r .  The i n f l u e n c e  o f  a p p l i c a t i o n s  o f  z i n c  
on dry m a t t e r  p r o d u c t i o n  by the  p l a n t s  o f  t h e  IR-8  and S t a r b o n n e t  
v a r i e t i e s  may be e x p l a i n e d  by t h e  i n f l u e n c e  o f  z i n c  on i r o n  c o n c e n t r a ­
t i o n .
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A s t a t i s t i c a l l y  s i g n i f i c a n t  n e g a t i v e  r e l a t i o n s h i p ,  r = - 0 . 5 3 3 ,  
was c a l c u l a t e d  b e tw e e n  i r o n  c o n c e n t r a t i o n  and the p r o d u c t i o n  o f  dry  
m a t t e r .  Th is  f u r t h e r  s u b s t a n t i a t e d  the  s u p p o s i t i o n  t h a t  i r o n  t o x i c i t y  
may have been a t  l e a s t  p a r t i a l l y  r e s p o n s i b l e  for the decrease in the 
dry m a t t e r  p r o d u c t i o n  by the  p l a n t s  o f  the  IR-8 and Starbonnet varie­
ties grown on s o i l  t h a t  r e c e i v e d  a p p l i c a t i o n s  o f  z i n c .
The e f f e c t s  o f  a p p l i c a t i o n s  o f  z i n c  on t h e  p r o d u c t i o n  of dry  
m a t t e r  and on t h e  c o n c e n t r a t i o n  o f  manganese  and i r o n  and th e  manganese  
to i r o n  r a t i o  o f  n i n e  v a r i e t i e s  o f  r i c e  p l a n t s  grown on Crowley  silt 
loam under  f l o o d e d  c o n d i t i o n s  a r e  p r e s e n t e d  i n  T a b le  14.
The d a t a  i n d i c a t e d  t h a t  the a p p l i c a t i o n  o f  z i n c  r e s u l t e d  in  a 
c o n s i d e r a b l e  r e d u c t i o n  in  the  manganese to  i r o n  r a t i o s  o f  t h e  p l a n t s  o f  
th e  IR-8  and S t a r b o n n e t  v a r i e t i e s .  The manganese  to  i r o n  r a t i o  o f  the  
IR-8 p l a n t s  was redu c e d  from 6 . 6  to  1 . 1  by th e  a p p l i c a t i o n  o f  z i n c .
The manganese to  i r o n  r a t i o  o f  the  p l a n t s  o f  t h e  S t a r b o n n e t  v a r i e t y
was redu c e d  from 2 . 3  to  0 . 8  by t h e  a p p l i c a t i o n  o f  z i n c .  T h is  c o n s t i ­
t u t e d  a r e d u c t i o n  o f  837, and 657,, r e s p e c t i v e l y ,  i n  t h e  manganese  to  
i r o n  r a t i o s .  The manganese to i r o n  r a t i o s  o f  t h e  p l a n t s  o f  th e  o t h e r  
v a r i e t i e s  t e s t e d  w ere  redu c e d  l e s s  than  207, by th e  a p p l i c a t i o n  o f  z i n c .
The m anganese  to  i r o n  r a t i o  was s l i g h t l y  i n c r e a s e d  i n  th e  p l a n t s  o f  the
C a lor o  v a r i e t y  f o l l o w i n g  an a p p l i c a t i o n  o f  z i n c .
The i n f l u e n c e  o f  the  a p p l i c a t i o n  o f  z i n c  on t h e  manganese to i r o n  
r a t i o  may h a v e  b een  r e s p o n s i b l e  f o r  the  r e d u c t i o n  in  the  amount o f  dry  
m a t t e r  produced  by th e  p l a n t s  o f  t h e  IR-8  and S t a r b o n n e t  v a r i e t i e s  
grown on s o i l  t h a t  r e c e i v e d  an a p p l i c a t i o n  o f  z i n c .  The i r o n  c o n c e n ­
t r a t i o n  in  th e  p l a n t s  o f  t h e  two v a r i e t i e s  was s i g n i f i c a n t l y  i n c r e a s e d
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T a b le  14. The e f f e c t s  o f  a p p l i c a t i o n s  o f  z i n c  on the  p r o d u c t i o n  o f  dry  
m a t t e r  and on the  c o n c e n t r a t i o n s  o f  manganese  and i r o n  and 
th e  manganese  to  i r o n  r a t i o  o f  n i n e  v a r i e t i e s  o f  r i c e  p l a n t s  
grown on Crowley s i l t  loam under  f l o o d e d  c o n d i t i o n s .
V a r i e  ty
Zn I f  
T reatm ent
Dry 
Mat t e r
Concer. t r a t i o n  
Mn Fe
Mn: I’e 
ka t i o
g / p o t - -ppm-■ -
S h o r t  G ra in s
T a ichung  N a t i v e  #1 Zn 5 . 3 1006 216 4 . 7
No Zn 4 . 8 1107 224 4 . 9
C a lu sa Zn 5 . 6 1005 197 5.  1
No Zn 4 . 8 1141 214 5 . 3
C aloro Zn 6 . 5 872 158 5 . 5
No Zn 5 . 5 1103 217 5 . 1
Medium G ra in s
S a tu r n Zn 6 . 7 1074 142 7 . 6
No Zn 5 . 3 1254 164 7 . 7
V is  ta Zn 5 . 8 1158 235 4 . 9
No Zn 4 . 4 1140 209 5 . 5
IR-S Zn 4 . 9 296 278 1.1
No Zn 5 . 4 985 150 6 . 6
Long G ra ins
B l u e b e l l e Zn 4 . 6 786 185 4 . 3
No Zn 5 . 0 1063 186 5 . 7
S t a r b o n n e t Zn 3 . 8 459 552 0 . 8
No Zn 4 . 5 487 215 2 . 3
Dawn Zn 6 . 2 855 229 3 . 7
No Zn 4 . 5 966 240 4 . 0
1 /  Z inc  was added a s  ZnSO^ a t  a r a t e  e q u i v a l e n t  to  5 ppm o f  Zn.
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by the a p p l i c a t i o n  o f  z i n c .  The manganese  c o n c e n t r a t i o n  in  the  
p l a n t s  o f  the  IR-8 v a r i e t y  was s i g n i f i c a n t l y  d e c r e a s e d  by the  a p p l i c a ­
t i o n  o f  z i n c .  Th is  r e s u l t e d  in a much narrow er  manganese to  i ro n  
r a t i o  than t h a t  o f  t h e  p l a n t s  o f  th e  o t h e r  v a r i e t i e s  grown on soil 
t h a t  r e c e i v e d  an a p p l i c a t i o n  o f  z i n c .
The e f f e c t s  o f  a p p l i c a t i o n s  o f  z i n c  on the p r o d u c t i o n  of dry 
m a t t e r  and on t h e  c o n c e n t r a t i o n  and the  u p t a k e  o f  phosphorus  by n i n e  
v a r i e t i e s  o f  r i c e  p l a n t s  grown on Crowley  s i l t  loam under  f l o o d e d  c o n ­
d i t i o n s  a r e  p r e s e n t e d  in  T a b le  15.
The d a t a  i n d i c a t e d  t h a t  th e  i n f l u e n c e  o f  a p p l i c a t i o n s  o f  z i n c  
on t h e  c o n c e n t r a t i o n  and u p t a k e  o f  phosphorus  depended on the  r i c e  
v a r i e t y .  Ihe  a p p l i c a t i o n  o f  z i n c  s i g n i f i c a n t l y  i n c r e a s e d  the c o n c e n ­
t r a t i o n  o f  phosp horus  i n  the  p l a n t s  o f  t h e  C a l o r o ,  V i s t a ,  and Dawn 
v a r i e t i e s  o f  r i c e .  The a p p l i c a t i o n  o f  z i n c  d id  no t  have  a s i g n i f i c a n t
i n f l u e n c e  on th e  c o n c e n t r a t i o n  o f  phosphorus  in  the  Ta ichung  N a t i v e  # 1 ,
C a l u s a ,  and S a t u r n  p l a n t s .  The phosp horus  c o n c e n t r a t i o n  in  the  IR - 8 ,  
B l u e b e l l e ,  and S t a r b o n n e t  p l a n t s  was s i g n i f i c a n t l y  redu c e d  by the  a p ­
p l i c a t i o n  o f  z i n c .  The u p t a k e  o f  phosp horus  by t h e  p l a n t s  o f  the
Ta ichung  N a t i v e  # 1 ,  C a l u s a ,  and B l u e b e l l e  v a r i e t i e s  was n o t  s i g n i f i ­
c a n t l y  a f f e c t e d  by th e  a p p l i c a t i o n  o f  z i n c .  The a p p l i c a t i o n  o f  z i n c  
r e s u l t e d  in  a s i g n i f i c a n t  i n c r e a s e  in  t h e  u p t a k e  o f  phosphorus  by the  
C a l o r o ,  S a t u r n ,  V i s t a ,  and Dawn p l a n t s .  A s i g n i f i c a n t  d e c r e a s e  in  th e  
u p t a k e  o f  phosp horus  by the p l a n t s  o f  t h e  IR-8  and S t a r b o n n e t  v a r i e t i e s  
was n o t e d .
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T a b le  15.  The e f f e c t s  o f  a p p l i c a t i o n s  o f  z i n c  on the p r o d u c t i o n  o f  
dry m a t t e r  and on the  c o n c e n t r a t i o n  and the  u p ta k e  o f  
phosphorus  by n i n e  v a r i e t i e s  o f  r i c e  p l a n t s  grown on 
Crowley  s i l t  loam under  f l o o d e d  c o n d i t i o n s .
V a r i e t y
Zn 1 /  
Treatmen t
Dry
M a t t e r
Phosphorus  
C o n c e n t r a t i o n  Uptake
g / p o t ppm m g/pot
S h o r t  G ra in s
Ta ichung  N a t i v e  #1 Zn 5 . 3 2116 11 .21
No Zn 4 . 8 2313 1 1 .1 0
C a lu sa Zn 5 . 6 2250 1 2 .6 0
No Zn 4 . 8 2018 9 .6 9
C aloro Zn 6 . 5 3875 2 5 .1 9
No Zn 5 . 5 2500 1 3 .7 5
Medium G ra ins
Satu r n Zn 6 . 7 2695 1 8 .0 6
No Zn 5 . 3 2563 1 3 .5 8
Vis  ta Zn 5 . 8 2683 1 5 .5 6
No Zn 4 . 4 2188 9 . 6 3
IR-8 Zn 4 . 9 1500 7 .3 5
No Zn 5 . 4 2188 11 .8 2
Long G ra in s
B l u e b e l l e Zn 4 . 6 1629 7 .4 9
No Zn 5 . 0 2125 1 0 .6 3
S tarb onne  t Zn 3 . 8 938 3 . 5 6
No Zn 4 . 5 2106 9 . 4 8
Dawn Zn 6 . 2 2507 1 5 .5 4
No Zn 4 . 5 2021 9 . 1 0
LSD, 57.
1 /  Z in c  was added as ZnSO^ a t  a
0 . 5
r a t e  e q u i v a l e n t
474  
to  5 ppm
4 . 1 3
o f  Zn.
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In each  c a s e  where the  a p p l i c a t i o n  o f  z i n c  r e s u l t e d  in  a s i g ­
n i f i c a n t  r e d u c t i o n  in  th e  phosphorus  c o n c e n t r a t i o n ,  th e  p r o d u c t i o n  o f  
dry m a t t e r  was a l s o  r e d u c e d .  However,  the r e d u c t i o n  in  dry m a t t e r  
p r o d u c t i o n  by the p l a n t s  o f  the  B l u e b e l l e  v a r i e t y  was n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t .  T h e r e f o r e ,  the  i n f l u e n c e  o f  a p p l i c a t i o n s  o f  z in c  on the  
c o n c e n t r a t i o n  o f  phosp horus  may o f f e r  an e x p l a n a t i o n  f o r  the i n f l u e n c e  
o f  a p p l i e d  z i n c  on dry  m a t t e r  p r o d u c t i o n .  The i n f l u e n c e  o f  z i n c  on 
t h e  phosp horus  c o n c e n t r a t i o n  may h a v e  been  o f  p a r t i c u l a r  s i g n i f i c a n c e  
in th e  c a s e  o f  the  p l a n t s  o f  the S t a r b o n n e t  v a r i e t y .  The phosphorus  
c o n c e n t r a t i o n  was r e d u c e d  from 2106 ppm to  938 ppm by th e  a p p l i c a t i o n  
o f  z i n c .  A c c o r d i n g  to Chapman ( 1 9 6 6 ) ,  a c o n c e n t r a t i o n  o f  1000 ppm o f  
phosp horus  i s  c o n s i d e r e d  c r i t i c a l  and i t  i s  b e lo w  a s u f f i c i e n t  l e v e l  
f o r  optimum growth o f  r i c e .
The e f f e c t s  o f  a p p l i c a t i o n s  o f  z i n c  on the p r o d u c t i o n  o f  dry  
m a t t e r  and on th e  c o n c e n t r a t i o n  and t h e  u p t a k e  o f  z i n c ,  i r o n ,  and man­
g a n e s e  by S a tu r n  r i c e  p l a n t s  grown on s e l e c t e d  s o i l s  und er  f l o o d e d  
c o n d i t i o n s  a r e  p r e s e n t e d  in  T a b le  16.
The d a t a  i n d i c a t e d  t h a t  th e  a p p l i c a t i o n  o f  z i n c  to  the  H eb er t  
s i l t  lo a m ,s a m p le  no .  4 ,  Norwood s i l t  loam, sample  n o .  8 ,  and Shubuta  
f i n e  sandy loam, sample  no .  13 ,  r e s u l t e d  in  a s t a t i s t i c a l l y  s i g n i f i c a n t  
i n c r e a s e  in  th e  amount o f  dry  m a t t e r  produced  by t h e  r i c e  p l a n t s  grown 
on t h e s e  s o i l s .  The 0 . 1  N HC1 e x t r a c t a b l e  z i n c  c o n t e n t  o f  t h e  t h r e e  
s o i l s  was 1 . 6 ,  2 . 9 ,  and 2 . 0  ppm, r e s p e c t i v e l y .  E v a l u a t i o n  and com­
p a r i s o n  o f  th e  c h e m i c a l  a n a l y s i s  o f  t h e  t h r e e  s o i l s  d i d  n o t  o f f e r  any  
ap p a r e n t  e x p l a n a t i o n  f o r  the i n c r e a s e  i n  dry  m a t t e r  p r o d u c t i o n  o b t a i n e d
Table 16. The effects of applications of zinc on the production of dry matter and on the concentra­
tion and the uptake of zinc, iron, and manganese by Saturn rice plants grown on selected 
soils under flooded conditions.
Sample
Number S o i l  Type Treatment  —^
Dry
M atter
C o n c e n t r a t i o n  
Zn Fe Mn Zn
Uptake
Fe Mn
g / p o t -  - - ppm - - - - - - m g /p o t - - -
- - -  - M i s s i s s i p p i  R i v e r A l l u v i a l  S o i l s -
1 Mhoon s i c l Zn 1 9 .7 59 183 1223 1 .1 6 3 .61 2 4 . 0 8
No Zn 1 9 .8 52 163 1133 1 .02 3 . 2 3 2 2 . 4 3
A l l u v i a l  S o i l s o f  the O uachita  & Arkansas R i v e r s -  ■
2 G a l l i o n  s i l Zn 9 . 5 41 250 793 0 .3 9 2 .3 7 7 .5 3
No Zn 1 0 .6 23 286 961 0 . 2 4 3 .0 3 10 .1 9
3 H eber t  s i l Zn 1 2 .0 52 242 646 0 . 6 2 2 . 9 0 7 .7 5
No Zn 1 3 .0 35 285 931 0 . 4 6 3 .7 0 1 2 .1 0
4 H ebert  s i l Zn 6 . 1 102 239 1458 0 . 6 2 1 .4 6 8 . 9 0
No Zn 2 . 8 49 213 1048 0 . 1 4 0 . 6 0 2 . 9 4
5 H eber t  s i l Zn 1 4 .6 69 193 2293 1.00 2.82 3 3 .4 7
No Zn 1 5 .7 48 231 2360 0.  76 3.63 3 7 .0 5
-  -  -  - A l l u v i a l  S o i l s  o f the  Red R iver  -
6 P u l a s k i  v f s l Zn 9 . 3 36 192 2075 0.33 1.79 1 9 .3 0
No Zn 9.0 25 166 2192 0 .2 3 1 .5 0 1 9 .7 3
7 Norwood s i l Zn 1 .6 97 394 273 0 . 1 6 0.63 0 . 4 4
No Zn 1 .0 58 321 277 0 . 0 6 0 . 3 2 0 . 2 8
T a b l e  16 ( C o n t i n u e d ) .
Sample
Treatment —
Dry Concen tra  t ion Up take
Number S o i l  Type M atter Zn Fe Mg Zn Fe Mn
g / p o t - - - ppm- - - - - - m g/pot - - - -
8 Norwood s i l Zn 1 3 .2 37 188 447 0 . 4 9 2 .4 8 5 . 9 0
No Zn 8 . 8 24 158 747 0 . 2 1 1 .39 6 . 5 7
9 Norwood s i l Zn 1 .2 110 512 163 0 . 1 3 0 .6 1 0 . 2 0
No Zn 1 .2 62 351 185 0 . 0 7 0 . 4 2 0 . 2 2
10 Yahola  v f s l Zn 1 1 .2 49 182 834 0 . 5 4 2 .0 4 9 . 3 4
No Zn 1 0 .6 37 126 865 0 . 3 9 1 .3 3 9 . 1 7
11 Yahola  v f s l Zn 9 . 5 65 159 777 0 . 6 1 1 .51 7 .3 9
No Zn 8 . 2 44 143 589 0 . 3 6 1 .17 4 . 8 4
Flatw oods S o i l s -
12 Bowie f s l Zn 1 1 .2 85 178 731 0 . 9 5 1 .99 8 . 1 9
No Zn 1 0 .8 64 237 793 0 .6 9 2 . 5 6 8 . 5 7
13 Shubuta f s l Zn 14 .1 74 261 1472 1 .04 3 .6 8 2 0 .7 5
No Zn 10 .5 43 180 1604 0 . 4 5 1 .89 16 .8 4
14 Ruston f s l Zn 5 . 6 105 269 832 0 .5 9 1.51 4 . 6 6
No Zn 4 . 4 62 188 1044 0 .2 7 0 . 8 3 4 . 6 0
o f  the C o a s t a l  P r a i r i e s
15 Acadia  s i l Zn 3 . 5 114 286 243 0 . 4 0 1 .00 0 . 8 5
No Zn 3 .5 45 280 343 0.  16 0 .9 8 1 .2 0
(Continued)
T a b l e  16 ( C o n t i n u e d )
Sample
Treatment
Dry Concentrat ion Up take
Number Soil Type Matter Zn Fe Mn Zn Fe Mn
g / p o t - - - ppm- - - - - -mg/po t- - -
16 Acadia  s i l Zn 18 .3 98 223 2655 1 .8 0 4 . 0 7 4 8 . 5 8
No Zn 17 .5 82 172 2607 1 .4 3 3 .0 1 4 5 . 6 5
17 Crowley s i l Zn 10 .7 96 192 913 1 .02 2 . 0 6 9 . 7 7
No Zn 11 .4 37 321 771 0 . 4 2 3 .6 6 8 . 7 9
18 Crowley s i l Zn 11 .1 91 152 861 1 .01 1 .69 9 . 5 6
No Zn 10 .5 33 198 985 0 . 3 4 2 .0 8 10 .3 5
19 Crowley s i l Zn 6 . 7 56 150 481 0 . 3 7 1 .01 3 . 2 2
No Zn 6 . 9 48 184 438 0 . 3 3 1 .2 7 3 . 0 3
20 Crowley s i l Zn 2 . 4 68 193 553 0 . 1 6 0 . 4 6 1 .3 3
No Zn 2 .1 47 183 544 0 . 1 0 0 . 3 9 1. 14
21 Crowley s i l Zn 1 0 .6 114 160 487 1 .21 1 .70 5.  16
No Zn 9 . 5 39 179 851 0 . 3 7 1. 70 8 . 0 8
22 Morey s i l Zn 1 0 .6 69 230 437 0.  73 2 .4 4 4 . 6 3
No Zn 13. 1 47 201 505 0 .6 2 2 .6 3 6 . 6 2
23 Mowata s i l Zn 11 .9 50 19] 1414 0 . 6 0 2 .2 7 16 .82
No Zn 1 1 .5 38 162 1233 0 .4 4 1. 76 14 .18
24 Bernard c l Zn 7 . 0 77 235 484 0 .5 4 1 .65 3 .39
No Zn 6 . 8 56 218 433 0 .3S 1 .48 2 .9 4
(Continued)
T a b l e  16 ( C o n t i n u e d )
Sample
Treatment
Dry C o n c e n t r a t i o n Uptake
Number S o i l  Type M atter Zn Fe Mn Zn Fe Mn
g / p o t  - -  - -ppm- - - - - - - r i g / p o t -  - -
M i s s i s s i p p i  T e r r a c e s  & L o e s s i a l  H i l l s  S o i l s
25 P a t o u t v i l l e  s i l Zn 1 1 .3 94 194 1242 1 .0 6 2 .2 0 1 4 .0 3
No Zn 12 .3 60 184 1513 0 . 7 4 2. 27 1 8 .6 1
26 P a t o u t v i l l e  s i l Zn 1 2 .0 134 209 4082 1 .6 0 2 .5 1 4 8 . 9 9
No Zn 1 2 .4 74 269 3877 0 . 9 1 3 .3 3 48 .07
27 P a t o u t v i l l e  s i l Zn 4 . 4 54 125 329 0 . 2 4 0 . 5 5 1 .4 5
No Zn 3 . 4 43 105 503 0 .1 5 0 . 3 6 1 .7 1
28 J e a n e r e t t e  s i l Zn 1 0 .4 54 227 471 0 . 5 7 2 .3 6 4 . 9 0
No Zn 1 3 .0 38 257 520 0 . 5 0 3 .3 5 6 . 7 6
29 J e a n e r e t t e  s i l Zn 1 1 .0 73 217 764 0 . 8 0 2 .3 9 8 . 4 0
No Zn 1 2 .5 52 208 676 0 . 6 6 2 .6 0 8 . 4 5
■SD, 57. 2 . 2 13 66 NS 0 . 1 6 0 . 8 0 NS
/  Zinc was added as  ZnSO^ a t  a r a t e e q u i v a l e n t  to 5 ppm o f Zn .
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from the  a p p l i c a t i o n  o f  z i n c .  There  were  s i x  s o i l s ,  o t h e r  than the  
H eb ert  s i l t  loam, sample  no .  4 ,  w i t h  an a c i d  e x t r a c t a b l e  z i n c  c o n t e n t  
of 1 . 6  ppm o r  l e s s .  The a p p l i c a t i o n  o f  z i n c  d i d  not  r e s u l t  in a sig­
n i f i c a n t  i n c r e a s e  in  the  dry  m a t t e r  p r o d u c t i o n  by the r i c e  plants 
grown on t h e s e  s o i l s .  The d a t a  i n d i c a t e d  t h a t  under  the conditions 
of t h i s  e x p e r i m e n t ,  t h e  u s e  o f  the d i l u t e  a c i d  e x t r a c t a b l e  zinc c o n ­
t e n t  o f  th e  s o i l  a l o n e  i s  not  a s u f f i c i e n t  c r i t e r i o n  f o r  p r e d i c t i n g  a 
r e s p o n s e  to  a p p l i c a t i o n  o f  z i n c .
The a p p l i c a t i o n  o f  z i n c  r e s u l t e d  in  a s i g n i f i c a n t  d e c r e a s e  in  
th e  amount o f  dry  m a t t e r  produced by the  r i c e  p l a n t s  grown on the  
Morey s i l t  loam, sample  no .  22 ,  and t h e  J e a n e r e t t e  s i l t  loam, sample  
no.  28 .  The a c i d  e x t r a c t a b l e  z i n c  c o n t e n t  o f  t h e  Morey s i l t  loam 
was 1 . 9  ppm. The a c i d  e x t r a c t a b l e  z i n c  c o n t e n t  o f  the J e a n e r e t t e  s i l t  
loam was 3 . 9  ppm. E v a l u a t i o n  and c om p ar i son  o f  the  c h e m i c a l  a n a l y s i s  
o f  th e  two s o i l s  d i d  n o t  o f f e r  an e x p l a n a t i o n  f o r  th e  i n f l u e n c e  o f  
a p p l i c a t i o n s  o f  z i n c  on the  amount o f  dr y  m a t t e r  produced  by th e  r i c e  
p la n  t s .
The c o n c e n t r a t i o n  o f  z i n c  in  the  p l a n t s  grown on t h e  Morey s i l t  
loam was i n c r e a s e d  from 47 to  69 ppm by th e  a p p l i c a t i o n  o f  z i n c .  The 
z i n c  c o n c e n t r a t i o n  o f  the  r i c e  p l a n t s  grown on t h e  J e a n e r e t t e  s i l t  
loam was i n c r e a s e d  from 38 t o  54 ppm. The p o s s i b i l i t y  o f  z i n c  t o x ­
i c i t y  o f  the  r i c e  p l a n t s ,  a s  a r e s u l t  o f  the  a p p l i c a t i o n  o f  z i n c ,  was  
e l i m i n a t e d  a s  a c a u s e  o f  the  d e c r e a s e  i n  dry  m a t t e r  p r o d u c t i o n  s i n c e  
a g r e a t e r  z i n c  c o n c e n t r a t i o n  i n  r i c e  p l a n t s  grown on some o f  t h e  o t h e r  
s o i l s  was a s s o c i a t e d  w i t h  l a r g e r  amounts o f  dry  m a t t e r  produced than  
t h a t  produced  on e i t h e r  the  Morey o r  t h e  J e a n e r e t t e  s i l t  loam.
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The a p p l i c a t i o n  o f  z i n c  r e s u l t e d  in  n o n s i g n i f i c a n t  i n c r e a s e s  
in th e  amount o f  dry  m a t t e r  produced by t h e  r i c e  p l a n t s  grown on 13 
o f  the  29 s o i l s .  N o n s i g n i f i c a n t  d e c r e a s e s  in  dry  m a t t e r  p r o d u c t i o n  
f o l l o w i n g  a p p l i c a t i o n  o f  z i n c  were  n o t e d  on 9 o f  th e  29 s o i l s .  The 
a p p l i c a t i o n  o f  z i n c  had no e f f e c t  on the amount o f  dry m a t t e r  p r o ­
duced by th e  r i c e  p l a n t s  grown on the  Norwood s i l t  loam, sample no.
9,  and the A c a d ia  s i l t  loam, sam ple  no .  15.
The a p p l i c a t i o n  o f  z i n c  r e s u l t e d  in  s t a t i s t i c a l l y  s i g n i f i c a n t  
i n c r e a s e s  in  the  z i n c  c o n c e n t r a t i o n s  in the r i c e  p l a n t s  grown on 23 
o f  th e  29 s o i l s  i n c l u d e d  i n  the  e x p e r i m e n t .  N o n s i g n i f i c a n t  i n c r e a s e s  
in  th e  z i n c  c o n c e n t r a t i o n s  i n  th e  p l a n t s  grown on 6 o f  the 29 s o i l s  
were n o t e d .  Where z i n c  was n o t  a p p l i e d ,  t h e  z i n c  c o n c e n t r a t i o n s  
ranged  from a low o f  24 ppm in  the  p l a n t s  grown on the Norwood s i l t  
loam, sample  no .  8 ,  t o  a h i g h  o f  82 ppm i n  th e  p l a n t s  grown on the  
A c a d ia  s i l t  loam, sam ple  no .  16.  Where z i n c  was a p p l i e d ,  th e  z i n c  
c o n c e n t r a t i o n s  ranged from a low o f  36 ppm i n  the  p l a n t s  grown on the  
P u l a s k i  v e r y  f i n e  sandy loam, sam ple  no .  6 ,  t o  a h i g h  o f  134 ppm in  
the  p l a n t s  grown on t h e  P a t o u t v i l l e  s i l t  loam, sample n o .  26 .
The a p p l i c a t i o n  o f  z i n c  r e s u l t e d  in  s t a t i s t i c a l l y  s i g n i f i c a n t  
i n c r e a s e s  in  t h e  u p t a k e  o f  z i n c  by the  r i c e  p l a n t s  grown on 17 o f  the  
29 s o i l s .  N o n s i g n i f i c a n t  i n c r e a s e s  i n  t h e  u p t a k e  o f  z i n c  by the  r i c e  
p l a n t s  grown on 12 o f  th e  29 s o i l s  were  n o t e d .
The a p p l i c a t i o n  o f  z i n c  to  th e  Norwood s i l t  loams,  sam p les  no.  
7 and 9 ,  Ruston  f i n e  sandy  loam, and Shubuta f i n e  sandy  loam r e s u l t e d  
in  s i g n i f i c a n t  i n c r e a s e s  i n  th e  c o n c e n t r a t i o n s  o f  the  i r o n  in  the  
r i c e  p l a n t s  grown on t h e s e  s o i l s .  The c o n c e n t r a t i o n  o f  i r o n  in  the
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p l a n t s  grown on th e  Crowley  s i l t  loam, sample  no.  17, was s i g n i f i ­
c a n t l y  d e c r e a s e d  by the  a p p l i c a t i o n  o f  z i n c .  The a p p l i c a t i o n  o f  z i n c  
r e s u l t e d  in  a n o n s i g n i f i c a n t  i n c r e a s e  in  the  c o n c e n t r a t i o n s  o f  i ron  
in  the r i c e  p l a n t s  grown on 15 o f  the 29 s o i l s .  N o n s i g n i f i c a n t  d e ­
c r e a s e s  in  the  i r o n  c o n c e n t r a t i o n s  in  t h e  p l a n t s  grown on 9 o f  the 29 
s o i l s  were n o t e d .  Where z i n c  was n o t  a p p l i e d ,  the  i r o n  c o n c e n t r a t i o n s  
ranged from a low o f  105 ppm i n  t h e  r i c e  p l a n t s  grown on the  P a t o u t ­
v i l l e  s i l t  loam, sample  no .  27 ,  to  a h i g h  o f  351 ppm i n  the  p l a n t s  
grown on the Norwood s i l t  loam, sample  no .  9 .  Where z i n c  was a p p l i e d ,  
the i ro n  c o n c e n t r a t i o n s  ranged from a low o f  125 ppm in  th e  p l a n t s  
grown on the  P a t o u t v i l l e  s i l t  loam, sample  n o .  27 ,  to  a h i g h  o f  512  
ppm in  the  p l a n t s  grown on the  Norwood s i l t  loam, sample  n o .  9 .
The a p p l i c a t i o n  o f  z i n c  t o  t h e  H e b e r t  s i l t  loam, sample  no .  4 ,  
Norwood s i l t  loam, sample  no .  8 ,  Shubuta f i n e  sandy loam, sam ple  no .  
13,  and A c a d ia  s i l t  loam, sample n o .  16,  r e s u l t e d  i n  s t a t i s t i c a l l y  
s i g n i f i c a n t  i n c r e a s e s  in  the  u p t a k e  o f  i r o n  by the  r i c e  p l a n t s  grown 
on t h e s e  s o i l s .  The u p t a k e  o f  i r o n  by t h e  H e b e r t  s i l t  loam s ,  sam p les  
no.  3 and 5 ,  Crowley s i l t  loam, sam ple  no.  17,  P a t o u t v i l l e  s i l t  loam,  
sample  no .  26,  was s i g n i f i c a n t l y  reduced  by the  a p p l i c a t i o n  o f  z i n c .  
N o n s i g n i f i c a n t  i n c r e a s e s  i n  t h e  u p t a k e  o f  i r o n  by p l a n t s  grown on 12 
o f  the 29 s o i l s  was o b s e r v e d .  N o n s i g n i f i c a n t  d e c r e a s e s  in  th e  u p ta k e  
o f  i r o n  by the p l a n t s  on 7 o f  t h e  29 s o i l s  were  n o t e d .  The a p p l i c a ­
t i o n  o f  z i n c  d i d  n o t  h a v e  a m e a s u r a b l e  i n f l u e n c e  on t h e  u p t a k e  o f  
i r o n  by th e  p l a n t s  grown on th e  Crowley s i l t  loam, sam ple  n o .  21 .
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A s t a t i s t i c a l l y  s i g n i f i c a n t  i n t e r a c t i o n  d i d  not  o c c u r  be tween  
s o i l s  and z i n c  t r e a t m e n t s  on e i t h e r  the  c o n c e n t r a t i o n  or  the uptak e  
o f  manganese by the  p l a n t s .  The a p p l i c a t i o n  o f  z i n c  to some o f  the  
s o i l s  r e s u l t e d  in  s u b s t a n t i a l  d i f f e r e n c e s  in  both  the c o n c e n t r a t i o n  
and the u p t a k e  o f  manganese by th e  r i c e  p l a n t s .  However,  the  i n f l u ­
e n c e  o f  a p p l i c a t i o n s  o f  z i n c  on e i t h e r  the  c o n c e n t r a t i o n  o r  the  up­
t a k e  o f  manganese was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  T h is  was p r o b a b ly  
due to  a l a r g e  amount o f  v a r i a t i o n  b e tw een  r e p l i c a t i o n s  o f  i n d i v i d u a l  
t r e a t m e n t s .  In the s t a t i s t i c a l  a n a l y s i s  o f  th e  manganese c o n c e n t r a t i o n  
and u p t a k e  d a t a ,  the  v a r i a t i o n  b e tw e e n  r e p l i c a t i o n s  r e s u l t e d  in  a r e l a ­
t i v e l y  l a r g e  e x p e r i m e n t a l  e r r o r .  The F v a l u e  o b t a i n e d  f o r  the  i n ­
f l u e n c e  o f  z i n c  t r e a t m e n t s  on t h e  c o n c e n t r a t i o n  and the  up tak e  o f  
manganese  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .
The manganese  c o n c e n t r a t i o n  was i n c r e a s e d ,  f o l l o w i n g  th e  a p p l i ­
c a t i o n  o f  z i n c ,  in  the  r i c e  p l a n t s  grown on 11 o f  the 29 s o i l s .  The 
c o n c e n t r a t i o n  o f  manganese was r e d u c e d ,  by the a p p l i c a t i o n  o f  z i n c ,  in  
t h e  p l a n t s  grown on 19 o f  t h e  29 s o i l s .  Where z i n c  was no t  a p p l i e d ,  
the  manganese c o n c e n t r a t i o n s  ranged from a low o f  185 ppm in  the  
p l a n t s  grown on th e  Norwood s i l t  loam, sample  n o .  9 ,  t o  a h i g h  o f  3877  
ppm in  the  p l a n t s  grown on the  P a t o u t v i l l e  s i l t  loam, sample  no .  26 .  
Where z i n c  was a p p l i e d  the  manganese c o n c e n t r a t i o n s  ranged from a low 
o f  163 ppm in  th e  p l a n t s  grown on t h e  Norwood s i l t  loam, sample  no .  9 ,  
to  a h i g h  o f  4082  ppm in  the p l a n t s  grown on the  P a t o u t v i l l e  s i l t  loam,  
sample  no. 26 .  The a p p l i c a t i o n  o f  z i n c  r e s u l t e d  i n  n o n s i g n i f i c a n t  d e ­
c r e a s e s  ^n dne u p t a k e  o f  manganese by th e  r i c e  p l a n t s  grown on 15 o f  
che 29 s o i l s .
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The c o r r e l a t i o n  c o e f f i c i e n t s  show ing  t h e  r e l a t i o n s h i p s  between  
the  c o n t e n t s  o f  e x t r a c t a b l e  z i n c ,  i r o n ,  and manganese in  th e  s o i l s ,  
and the  p r o d u c t i o n  o f  dry  m a t t e r  and th e  c o n c e n t r a t i o n  and uptak e  o f  
z i n c ,  i r o n ,  and manganese  by S a tu r n  r i c e  p l a n t s  grown under  f l o o d e d  
c o n d i t i o n s ,  w i t h  and w i t h o u t  a p p l i e d  z i n c ,  on s e l e c t e d  s o i l s  i n  L o u i ­
s i a n a  a r e  p r e s e n t e d  in  T a b le  17.
The d a t a  i n d i c a t e d  t h a t  th e  r e l a t i o n s h i p s  b e tw e e n  0 . 1  N HC1 
e x t r a c t a b l e  z i n c  c o n t e n t  o f  t h e  s o i l ,  and t h e  dry  m a t t e r  p r o d u c t i o n ,  
th e  c o n c e n t r a t i o n  o f  z i n c ,  i r o n ,  o r  m anganese ,  and th e  u p t a k e  o f  z i n c ,  
i r o n ,  o r  manganese  by the  r i c e  p l a n t s  were  n o t  s t a t i s t i c a l l y  s i g n i ­
f i c a n t .  The f a c t  t h a t  e x t r a c t a b l e  z i n c  was n o t  s i g n i f i c a n t l y  r e l a t e d  
to  e i t h e r  th e  c o n c e n t r a t i o n  o r  the  u p t a k e  o f  z i n c  l e n d s  f u r t h e r  e v i ­
d e n c e  t o  s u p p o r t  the  c o n c l u s i o n ,  made p r e v i o u s l y ,  t h a t  d i l u t e  a c i d  
e x t r a c t a b l e  z i n c  i s  n o t  a s u f f i c i e n t  c r i t e r i o n  f o r  p r e d i c t i n g  the  
r e s p o n s e  to  a p p l i c a t i o n s  o f  z i n c  by r i c e  p l a n t s  grown under  c o n d i t i o n s  
s i m i l a r  to  t h a t  o f  the  r e p o r t e d  e x p e r i m e n t .
The r e l a t i o n s h i p s  b e tw e e n  1 N sod ium  a c e t a t e  e x t r a c t a b l e  i r o n  
in  the  s o i l ,  and t h e  p r o d u c t i o n  o f  dry  m a t t e r ,  th e  c o n c e n t r a t i o n s  o f  
z i n c ,  i r o n ,  o r  m anganese ,  and th e  u p t a k e  o f  z i n c ,  i r o n ,  o r  manganese ,  
by the  r i c e  p l a n t s  were  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .
I r r e s p e c t i v e  o f  th e  z i n c  t r e a t m e n t ,  t h e  1 N sodium  a c e t a t e  e x ­
t r a c t a b l e  manganese  c o n t e n t  o f  t h e  s o i l  was n o t  s i g n i f i c a n t l y  r e l a t e d  
to  t h e  c o n c e n t r a t i o n  o f  z i n c ,  th e  c o n c e n t r a t i o n  o f  i r o n ,  o r  th e  u p t a k e  
o f  i r o n  by th e  r i c e  p l a n t s .  When z i n c  was a p p l i e d ,  s t a t i s t i c a l l y  s i g ­
n i f i c a n t  r e l a t i o n s h i p s  w ere  c a l c u l a t e d  b e tw e e n  e x t r a c t a b l e  manganese
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T a b le  1 7 . - C o r r e l a t i o n  c o e f f i c i e n t s  show ing  t h e  r e l a t i o n s h i p s  betw een  t h e  
e x t r a c t a b l e  c o n t e n t s  o f  z i n c ,  i r o n ,  and manganese i n  t h e  s o i l s ,  and 
t h e  dry m a t t e r  p r o d u c t i o n  and t h e  c o n c e n t r a t i o n  and u p ta k e  o f  z i n c ,  
i r o n ,  and manganese  by S a t u r n  r i c e  p l a n t s  grown under f l o o d e d
c o n d i t i o n s ,  w i t h  
L o u i s i a n a .
and w i t h o u t  a p p l i e d  z i n c , on s e l e c t e d  s o i l s  in
E x t r a c t a b l e  Dry C o n c e n t r a t i o n Uptake
n u t r i e n t  m a t t e r Zn Fe Mn Zn Fe Mn
No Zinc  A p p l i e d
Zn—^ 0 . 3 1 5 0 . 1 0 9 - 0 . 1 4 0 0 . 1 4 0 0 . 2 8 3 0 . 1 9 2 0 . 2 9 1
F e l / 0 . 1 4 3 0 . 0 1 3 0 . 0 9 4 0 . 1 5 5 0 . 1 1 2 0 . 2 2 8 0 . 1 5 2
Mrr^ 0 . 4 6 1 * 0 . 1 0 4 - 0 . 1 5 3 0 . 6 6 4 * * 0 . 4 6 0 * 0 . 3 3 7 0 .6 7 7 * *
3 /Lti n c  A p p l i e d —
Zn—^ 0 . 3 0 6 - 0 . 2 7 7 - 0 . 1 1 8 0 . 1 9 8 0 . 1 4 6 0 . 3 3 6 0 . 3 3 3
F e Z / 0 . 0 9 4 - 0 . 1 8 3 - 0 . 1 0 0 0 . 1 5 5 0 . 0 2 1 0 .1 4 1 0 . 1 2 4
Mn—^ 0 . 4 5 5 * - 0 . 0 7 5 - 0 . 2 8 7 0 . 6 9 5 * * 0 . 4 0 6 * 0 . 3 7 4 0 . 6 8 5 * *
* S i g n i f i c a n t  a t  t h e  57. l e v e l .
* * S i g n i f i c a n t  a t  t h e  17. l e v e l .
• ^ E x t r a c t e d  w i t h  0 . 1  N HCl.
O /
—' E x t r a c t e d  w i t h  1 N sodium a c e t a t e ,  a d j u s t e d  t o  pH 4 . 5 .
3 /—' Z i n c  was added as  ZnSO^ a t  a r a t e  e q u i v a l e n t  t o  5 ppm o f  Zn.
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and dry m a t t e r  p r o d u c t i o n ,  r = 0 . 4 5 5 ,  z i n c  u p t a k e ,  r = 0 . 4 0 6 ,  mangan­
e s e  c o n c e n t r a t i o n ,  r = 0 . 6 9 5 ,  and manganese u p t a k e ,  r = 0 . 6 8 5 .  When 
z i n c  was n o t  a p p l i e d ,  s i g n i f i c a n t  r e l a t i o n s h i p s  e x i s t e d  betw een  e x ­
t r a c t a b l e  manganese  and dr y  m a t t e r  p r o d u c t i o n ,  r = 0 . 4 6 1 ,  z i n c  u p ­
t a k e ,  r = 0 . 4 6 0 ,  manganese  c o n c e n t r a t i o n ,  r = 0 . 6 6 4 ,  and manganese  
u p t a k e ,  r = 0 . 6 7 7 ,  by th e  r i c e  p l a n t s .
SUMMARY AND CONCLUSIONS
Six experiments were  conducted i n  the greenhouse to study the 
effects of flooding and applications of zinc, lime, and organic matter 
on the production of dry matter and on the concentration and the uptake 
of zinc, iron, and manganese by rice (Oryza sativa L.) plants grown for 
eight weeks on selected soils in Louisiana.
In general, the production of dry matter by the rice plants grown 
on flooded soil was greater than the production of dry matter by plants 
grown on nonflooded soil. In instances where flooding resulted in an 
increase in dry matter production, the increase was attributed to fac­
tors such as the increased rate of tillering by the plants, the increased 
"availability" of phosphorus, and the increased "availability" of man­
ganese to the rice plants grown on flooded soil.
When l im e  was a p p l i e d ,  t h e  i n f l u e n c e  o f  f l o o d i n g  on t h e  c o n c e n ­
t r a t i o n  o f  z i n c  i n  t h e  r i c e  p l a n t s  depended on the  r a t e  o f  l im e  a p p l i e d .  
F l o o d i n g  t h e  P a t o u t v i l l e  s i l t  loam t h a t  r e c e i v e d  2,  3 ,  and 4 t o n s  o f  
l im e  per  a c r e  r e s u l t e d  i n  an i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  z i n c  in  
th e  p l a n t s .  F l o o d i n g  t h e  u n l im e d  s o i l s  and t h e  P a t o u t v i l l e  s i l t  loam 
t h a t  r e c e i v e d  1 t o n  o f  l i m e  per  a c r e  g e n e r a l l y  r e s u l t e d  i n  a d e c r e a s e  
i n  t h e  c o n c e n t r a t i o n  o f  z i n c  i n  t h e  r i c e  p l a n t s .
I n  most  i n s t a n c e s ,  f l o o d i n g  t h e  s o i l s  r e s u l t e d  i n  a r e d u c t i o n  i n  
t h e  z i n c  c o n c e n t r a t i o n  o f  z i n c  i n  t h e  p l a n t s .  However,  t h e  u p t a k e  o f  
z i n c  was n o t  s i g n i f i c a n t l y  r e d u c e d .
F l o o d i n g  t h e  s o i l s  r e s u l t e d  i n  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  c o n ­
c e n t r a t i o n  o f  i r o n  i n  t h e  r i c e  p l a n t s .  With one e x c e p t i o n ,  f l o o d i n g  
r e s u l t e d  i n  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  u p t a k e  o f  i r o n .
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F l o o d i n g  r e s u l t e d  i n  an i n c r e a s e  i n  th e  c o n c e n t r a t i o n  o f  mangan­
e s e  in  t h e  r i c e  p l a n t s  grown on a l l  t h e  un l im ed  s o i l s  and th e  P a t o u t ­
v i l l e  s i l t  loam t h a t  r e c e i v e d  1 and 2 t o n s  o f  l im e  per  a c r e .  When l im e  
and zinc were  a p p l i e d ,  t h e  i n f l u e n c e  o f  f l o o d i n g  t h e  s o i l  on the concen­
t r a t i o n  of manganese i n  th e  p l a n t s  depended on th e  l im e  and the zinc 
t r e a t m e n t s .  F l o o d i n g  th e  P a t o u t v i l l e  s i l t  loam t h a t  r e c e i v e d  3 and 4 
t o n s  of l im e  per  a c r e  and s u p p le m e n t a r y  z i n c  r e s u l t e d  i n  a s i g n i f i c a n t  
d e c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  manganese  i n  t h e  p l a n t s .
The i n f l u e n c e  o f  a p p l i c a t i o n s  o f  z i n c  on th e  p r o d u c t i o n  o f  dry  
m a t t e r  depended on f a c t o r s  such  as  t h e  w a t e r  and t h e  l im e  t r e a t m e n t s ,  
t h e  v a r i e t y  o f  r i c e ,  and t h e  s o i l .  The i n f l u e n c e  o f  a p p l i e d  z i n c  v a r i e d  
from a s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e  t o  a s t a t i s t i c a l l y  s i g n i f i c a n t  
d e c r e a s e  i n  dry m a t t e r  p r o d u c t i o n .
I n  t h e  e x p e r im e n t  c on d u c t e d  t o  s t u d y  t h e  i n f l u e n c e  o f  f l o o d i n g ,  
z i n c ,  and l im e  on r i c e  grown on P a t o u t v i l l e  s i l t  loam, t h e  i n f l u e n c e  o f  
a p p l i e d  z i n c  on th e  p r o d u c t i o n  o f  dry  m a t t e r  depended on th e  l im e  and 
the  f l o o d i n g  t r e a t m e n t s .  The a p p l i c a t i o n  o f  z i n c  t o  t h e  un l imed  s o i l  
and t h e  s o i l  t h a t  r e c e i v e d  1 and 2 t o n s  o f  l im e  p e r  a c r e  r e s u l t e d  i n  an 
i n c r e a s e  i n  dry  m a t t e r  p r o d u c t i o n .  On t h e  P a t o u t v i l l e  s i l t  loam t h a t  
r e c e i v e d  3 and 4 to n s  o f  l i m e ,  t h e  i n f l u e n c e d  o f  a p p l i e d  z i n c  v a r i e d  
from a n o n s i g n i f i c a n t  i n c r e a s e  t o  a s i g n i f i c a n t  d e c r e a s e  i n  the  p r o d u c ­
t i o n  o f  dry  m a t t e r .
An e x p e r im e n t  was c o n d u c te d  t o  s t u d y  t h e  i n f l u e n c e  o f  d i f f e r e n t  
w a t e r  t r e a t m e n t s  and a p p l i c a t i o n s  o f  z i n c  and manganese d i o x i d e  on r i c e  
grown on Crow ley s i l t  loam. The a p p l i c a t i o n  o f  z i n c  r e s u l t e d  i n  a s i g ­
n i f i c a n t  d e c r e a s e  i n  t h e  p r o d u c t i o n  o f  dry  m a t t e r  by t h e  r i c e  p l a n t s  
grown on t h e  c o n t i n u o u s l y  f l o o d e d  s o i l .  The a p p l i c a t i o n  o f  z i n c  t o  th e
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n o n f l o o d e d  Crowley  s i l t  loam r e s u l t e d  i n  a n o n s i g n i f i c a n t  i n c r e a s e  in  
t h e  p r o d u c t i o n  o f  dry  m a t t e r .
I n  the e x p e r im e n t  c o n d u c te d  t o  s t u d y  v a r i e t a l  r e s p o n s e  t o  a p p l i c ­
ations o f  z i n c ,  t h e  i n f l u e n c e  o f  a p p l i e d  z i n c  v a r i e d  from a significant 
increase to  a s i g n i f i c a n t  d e c r e a s e  i n  t h e  dry  m a t t e r  p r o d u c t i o n  by the 
rice p l a n t s .  The a p p l i c a t i o n  o f  z i n c  t o  t h e  Crowley  s i l t  loam r e s u l t e d  
in a s i g n i f i c a n t  i n c r e a s e  i n  t h e  amount o f  dry  m a t t e r  produced by the  
p l a n t s  o f  the  Ta ichung  N a t i v e  # 1,  C a l u s a ,  C a l o r o ,  S a t u r n ,  V i s t a ,  
and Dawn v a r i e t i e s  o f  r i c e .  The dry m a t t e r  p r o d u c t i o n  by th e  p l a n t s  of 
the I R -8  and S t a r b o n n e t  v a r i e t i e s  was s i g n i f i c a n t l y  reduced  by t h e  app­
l i c a t i o n  o f  z i n c .  The dry  m a t t e r  p r o d u c t i o n  by t h e  p l a n t s  o f  t h e  B l u e ­
b e l l e  v a r i e t y  was n o t  s i g n i f i c a n t l y  a f f e c t e d .  The i n f l u e n c e  o f  a p p l i e d  
z i n c  on t h e  manganese  t o  i r o n  r a t i o ,  t h e  p o s s i b i l i t y  o f  z i n c - i n d u c e d  
phosphorus  d e f i c i e n c y ,  and t h e  p o s s i b i l i t y  o f  z i n c - i n d u c e d  i r o n  t o x i c ­
i t y  were  o f f e r e d  as  e x p l a n a t i o n s  f o r  t h e  d e c r e a s e  i n  th e  dry m a t t e r  
p r o d u c t i o n  by t h e  p l a n t s  o f  t h e  I R - 8  and S t a r b o n n e t  v a r i e t i e s .
The a p p l i c a t i o n  o f  z i n c  t o  29 s o i l s  r e s u l t e d  i n  a s i g n i f i c a n t  
i n c r e a s e  i n  t h e  dry  m a t t e r  produced  by t h e  r i c e  p l a n t s  grown on t h r e e  
o f  t h e  s o i l s .  The a p p l i c a t i o n  o f  z i n c  r e s u l t e d  i n  a s i g n i f i c a n t  d e c r e a s e  
in  t h e  dry  m a t t e r  produced by p l a n t s  grown on two o f  t h e  s o i l s .
The a p p l i c a t i o n  o f  z i n c  r e s u l t e d  i n  an i n c r e a s e  i n  t h e  c o n c e n t r a ­
t i o n  and t h e  u p t a k e  o f  z i n c  by r i c e  p l a n t s .  However,  n o t  a l l  o f  t h e  
i n c r e a s e s  were  s t a t i s t i c a l l y  s i g n i f i c a n t .
The 0 . 1  N HC1 e x t r a c t a b l e  z i n c  c o n t e n t  o f  t h e  s o i l s  was n o t  
r e l a t e d  t o  e i t h e r  t h e  c o n c e n t r a t i o n  or  t h e  u p t a k e  o f  z i n c  by r i c e  p l a n t s  
grown under  f l o o d e d  c o n d i t i o n s .  T h is  s u g g e s t e d  t h a t  t h e  u s e  o f  0 . 1  HC1
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e x t r a c t a b l e  z i n c  d o e s  n o t  p r o v i d e  a r e l i a b l e  i n d e x  o f  t h e  " a v a i l a b i l i t y ” 
o f  z i n c  to  r i c e  p l a n t s  grown f o r  e i g h t  weeks  on f l o o d e d  s o i l  i n  the  
g r e e n h o u s e .
The i n f l u e n c e  o f  a p p l i c a t i o n s  o f  z i n c  on t h e  c o n c e n t r a t i o n  ana 
the  uptake  o f  i r o n  and manganese by r i c e  p l a n t s  v a r i e d  from a s i g n i f i ­
can t  i n c r e a s e  to  a s i g n i f i c a n t  d e c r e a s e .  The d a t a  i n d i c a t e d  t h a t  z i n c -  
i r o n  and z in c - m a n g a n e s e  i n t e r a c t i o n s  o c c u r r e d .  The n a t u r e  o f  th e  i n t e r ­
a c t i o n s  depended on f a c t o r s  such as  t h e  w a t e r  and l im e  t r e a t m e n t s ,  t h e  
v a r i e t y  o f  r i c e ,  and the  s o i l .
The a p p l i c a t i o n  o f  1,  2 ,  3 ,  and 4 t o n s  o f  l im e  pe r  a c r e  t o  a 
P a t o u t v i l l e  s i l t  loam r e s u l t e d  i n  a d e c r e a s e  i n  t h e  dry  m a t t e r  p r o d u c ­
t i o n  and t h e  c o n c e n t r a t i o n  and t h e  u p ta k e  o f  z i n c  by r i c e  p l a n t s .  The 
d e c r e a s e  i n  dry m a t t e r  p r o d u c t i o n  c o u l d  n o t  be a t t r i b u t e d  s o l e l y  t o  t h e  
i n f l u e n c e  o f  l im e  on t h e  c o n c e n t r a t i o n  and u p t a k e  o f  z i n c .  The a p p l i c ­
a t i o n  o f  z i n c  a t  the  1,  2 ,  3 ,  and 4 to n  r a t e s  o f  l im e  d i d  n o t  promote  
t h e  growth o f  r i c e  p l a n t s  t o  t h e  l e v e l  a t t a i n e d  by t h e  p l a n t s  grown on 
the  un l imed  s o i l .
The i n f l u e n c e  o f  a p p l i c a t i o n s  o f  l i m e  t o  a P a t o u t v i l l e  s i l t  loam 
on the  c o n c e n t r a t i o n  o f  i r o n  i n  r i c e  p l a n t s  depended on the  f l o o d i n g  and 
th e  z i n c  t r e a t m e n t s .  Under f l o o d e d  c o n d i t i o n s  w i t h  and w i t h o u t  added 
z i n c ,  t h e  a p p l i c a t i o n  o f  1 t o n  o f  l im e  r e s u l t e d  i n  an s i g n i f i c a n t  i n ­
c r e a s e  i n  th e  c o n c e n t r a t i o n  o f  i r o n  in  t h e  r i c e  p l a n t s .  The a p p l i c a t i o n  
o f  2 ,  3 ,  and 4 t o n s  o f  l im e  per  a c r e  d i d  n o t  r e s u l t  i n  a f u r t h e r  s i g n i f ­
i c a n t  i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  i r o n  i n  t h e  p l a n t s .  Under n on ­
f l o o d e d  c o n d i t i o n s ,  t h e  a p p l i c a t i o n  o f  1 t o n  o f  l im e  pe r  a c r e  r e s u l t e d  
in  a s i g n i f i c a n t  d e c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  i r o n  i n  t h e  p l a n t s
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grown on t h e  s o i l  t h a t  r e c e i v e d  an a p p l i c a t i o n  o f  z i n c .  The a p p l i c a ­
t i o n  o f  2 ,  3 ,  and 4 t o n s  o f  l i m e  d i d  n o t  r e s u l t  i n  a f u r t h e r  s i g n i f i ­
c a n t  r e d u c t i o n  in  t h e  c o n c e n t r a t i o n  o f  i r o n .  Under n o n f l o o d e d  c o n d i ­
t i o n s  and when z i n c  was n o t  applied, th e  a p p l i c a t i o n  o f  1, 2, 3, and 4 
tons of lime p e r  a c r e  r e s u l t e d  i n  a p r o g r e s s i v e  d e c r e a s e  i n  th e  c o n c e n ­
t r a t i o n  o f  i r o n  i n  t h e  p l a n t s .
The a p p l i c a t i o n  o f  1 , 2 ,  3 ,  and 4 t o n s  o f  l im e  t o  a P a t o u t v i l l e  
s i l t  loam r e s u l t e d  i n  a p r o g r e s s i v e  d e c r e a s e  i n  t h e  u p ta k e  o f  i r o n  by 
r i c e  p l a n t s  grown under b o th  f l o o d e d  and n o n f l o o d e d  c o n d i t i o n s  w i t h  and 
w i t h o u t  t h e  a d d i t i o n  o f  z i n c .
The i n f l u e n c e  o f  a p p l i c a t i o n s  o f  l im e  on th e  c o n c e n t r a t i o n  and 
u p ta k e  o f  manganese  depended on t h e  r a t e  o f  l im e  a p p l i e d .  I n c r e a s i n g  
th e  r a t e  o f  l im e  from 0 t o  1 and 2 t o n s  p e r  a c r e  r e s u l t e d  i n  a p r o g r e s ­
s i v e  d e c r e a s e  i n  t h e  c o n c e n t r a t i o n  and t h e  u p t a k e  o f  manganese  by r i c e  
p l a n t s  grown on P a t o u t v i l l e  s i l t  loam. However, when t h e  s o i l  r e a c t i o n  
was a d j u s t e d  t o  pH 6 . 5  and pH 6 . 9  f o l l o w i n g  t h e  a p p l i c a t i o n  o f  3 and 4 
to n s  o f  l im e  pe r  a c r e ,  t h e  c o n c e n t r a t i o n  and t h e  u p t a k e  o f  manganese  
were  s i g n i f i c a n t l y  i n c r e a s e d .  The r e s u l t s  s u g g e s t e d  t h a t  a d j u s t i n g  t h e  
s o i l  r e a c t i o n  o f  t h e  P a t o u t v i l l e  s i l t  loam from pH 6 . 0  t o  pH 6 . 5  and pH 
6 . 9  i n c r e a s e d  t h e  " a v a i l a b i l i t y " o f  manganese  t o  t h e  r i c e  p l a n t s .
The a p p l i c a t i o n  o f  so y b e a n  l e a v e s ,  r i c e  s t r a w ,  and c e l l u l o s e  t o  
a Crowley  s i l t  loam r e s u l t e d  i n  a s i g n i f i c a n t  d e c r e a s e  i n  th e  amount o f  
dry m a t t e r  produced by r i c e  p l a n t s  grown und er  f l o o d e d  s o i l  c o n d i t i o n s .  
The c o n c e n t r a t i o n  o f  z i n c  i n  t h e  r i c e  p l a n t s  was n o t  s i g n i f i c a n t l y  
reduced  by th e  a p p l i c a t i o n  o f  so y b e a n  l e a v e s ,  r i c e  s t r a w ,  and c e l l u l o s e .  
The u p ta k e  o f  z i n c  was s i g n i f i c a n t l y  redu c e d  by t h e  a p p l i c a t i o n  o f  r i c e
1 1 0
s t r a w  and c e l l u l o s e .  The r e d u c t i o n  i n  th e  u p t a k e  o f  z i n c  as  a r e s u l t  
o f  the  a p p l i c a t i o n  o f  soybean  l e a v e s  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  
The c o n c e n t r a t i o n  and t h e  u p ta k e  o f  i r o n  were  reduced  by t h e  a p p l i c a t i o n  
o f  o r g a n i c  m a t t e r .  However,  t h e  r e d u c t i o n  i n  t h e  c o n c e n t r a t i o n  o f  i r o n  
in  th e  p l a n t s  as a r e s u l t  o f  th e  a d d i t i o n  o f  c e l l u l o s e  was n o t  s t a t i s t i ­
c a l l y  s i g n i f i c a n t .  The c o n c e n t r a t i o n  and t h e  u p t a k e  o f  manganese  by th e  
r i c e  p l a n t s  were  s i g n i f i c a n t l y  redu c e d  by t h e  a p p l i c a t i o n  o f  soybean  
l e a v e s  and r i c e  s t r a w .  The c o n c e n t r a t i o n ,  but  n o t  t h e  u p t a k e ,  o f  man­
g a n e s e  was s i g n i f i c a n t l y  i n c r e a s e d  by th e  a p p l i c a t i o n  o f  c e l l u l o s e .  The 
r e d u c t i o n  i n  t h e  uptak e  o f  z i n c ,  i r o n ,  and manganese  as  a r e s u l t  o f  the  
a p p l i c a t i o n  o f  o r g a n i c  m a t t e r  was a t t r i b u t e d  t o  p o s s i b l e  m i c r o b i a l  immo­
b i l i z a t i o n  and c o m p le x i n g  o f  z i n c ,  i r o n ,  and manganese  by compounds form­
ed in  t h e  d e c o m p o s i t i o n  o f  o r g a n i c  m a t t e r .
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